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Pat^e   1-6   lines   from  bottom   -   for   groups   read  group; 
4   -  line    5   -   for  rock   read  me  It . 

7    -   centre   of  page    -   for  In  the   above    table    the    deep   seated   rocks 

read   The    deep   seated    rocks   of  the    above   table. 

9    -  line   1   -   for    any  rain  storm  read  a  heavy  rain  storm. 
9-9   lines   from  bottom   -   for   washed   read  wash. 

13-4    lines   from  bottom   -   for   tr ought    read   trough. 

l6   -   line    3    -  after  gentle    add   in  directions. 

20    -   line   9    -   after  wh i ch   add  feature    , 

20    -  line    10    -   first    word   -    for    incre  ase    read   decrease . 

23-3   lines   from   bottom   -   after  _is   add   a- 

26   -  paragraph  3   -   line    3    -   after    to_  add    the . 

28  -  paragraph   5    -  line    3    -   after  _t_o   add   a. 

29  -   13  lines   from  bottom    -   after  mass   add   of    granite. 

30  -  paragraph   3   -   line    3    -   after    centre   add   or    toward   the    base. 
30    -   3    lines   from  bottom   -   lor   boey   read   body. 
32-3   lines   from  bottom  -  after  pressures,  for   rocks  read   a  rock. 

34  -   line    17    -  for  make  s   read  nasks, 

35  -   line    3I   -  for    destroyj   read  may    destroy. 
33   -   line    38   -  after   gregate   add   a. 
38    -   line    16   -   for  _so   read  as. 

44    -   13   lines   from   bottom   -    for    finite    read  flint  s. 
44    -   line    3   from   bottom   -   after   t_o   for    those    read   these    are. 
33    -   line   16    -  after   rock,    add  In  addition  \Ne    should  note    that, 
^]>   -   line    18    -  for   line    read  lime , 

37-3   lines   from   bottom   --  for    of   Ai'itimony  read   or  Antimony. 
63    -   line    11    -  for   north    read  \:est . 

73-6   lines   from  bottom   -   for  Qrdivician    read   Ordovician. 

73-2   lines   from  bottom  -      ■'     "       "  ■'  " 

77    -  8    lines  from  bottom   -  for  invertebrates  read   ve  rtebrates. 

81   -   13    lines  from   bottom   -   for    oasis    read  basins. 

32   -   line    I8    -  for  mod  if  ication  read  modif  icati  ons  . 

83    -  line    17    -   after   age    add   in  North  A..ieri  ca. 

36  -   line    1    -   after    the    add  Ilesozoic   and, 
90-2   lines   from   bottom   -   for    systems   of  Curada.    read   systems   of 

Northern   Noi'th  Ai  .erica. 
91   -   line    2    -   for   with   read  and-  ^* 

100    -   line    1   -   for  us    read    is. 
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DEPARTIWENT   OF    UNIVERSITY  EXTErlSIOIJ 

The   earth    is   riado    of   a  nunher   of  eleriients   -    some    92   in  all.      These 
include   nitrogen,    oxygen,    silicon,    aluminiun,    calcium,    sodiuri,    potassium, 
magnesium,    iron,    copper,    lead,    and  many  others    to  make   up    the  total. 

With  oil   of  these    elements  present    in  the  earth   it    is  int^esting 
to   note    that   much  the  greater  part   of   the   earth's    crust   is   made  up    of   a 
relatively  small  number  -    eight    in   all.      These   are; 

Aluminium  (Al)        Silicon  (Si)      Oxygen  (0) 

Potassiion  (K   ) 

Sodium  (Ka) 

Calcium  (Ca)  (Li^-e) 

Magnesium  (Mg) 

Iron  {Te) 

and  these,    combining  with  each   other,    m.ake   up   about    98%  of   the   earth's 
crust.      The   other    2%  must   be   allotted   to    all   of  the   other   84   eloricnts. 

For   the   sake   of  easy  r^i^ference,    a   shorthand    syi'bol    is   adopted  for 
each  of  the   elements,    and    in  the   table   above   these   s:,'r;ibols  are   placed 
to  the  right   of   the    names   of  the   elements. 

It  rarely  happens  in  nature  that  the  elements  occur  free  and  un- 
combinod.  Cxyg«^n  com.bines  re-dily  v/ith  all  of  them,  and  since  it  has 
been  easily  available  in  past  tir.ies,  all  tjie  M.bove  elements  have  long 
since  coiribined  with  it  to  for:,  aluminum  oxygen,  sodium  oxygen,  silicon 
oxygen  corxpounds,  etc.  These  are  cilled  the  oxides  of  aluminum^, 
potriSSiuiTi,  etc.,  •^iid  for  convenience  these  compounds  are  indicated  by 
a  union   of  tne    sy.iibols   as: 

tin  ^.''  Ci 

KgO 

Na^O 

CaO 

MgO 

FeO 

Some   of  these   oxides   occur   in  nature   as   simple    oxid^^s,    but   usually  the 
oxides   of  the   left   hand  group   unite  v/ith  the   oxide  of    silicon  to   for::i  a 
more    complex   substaxice.      For   convenience   we  will    designate   the   oxide   of 
silicon  as  an   acid  oxide   and  the    oxides   of  the  other   groups   as   basic 
oxides.      An  exarriple    of   this    ^union   is  given,    as  when  1   alui.iinium  oxide 
with  1   potassium  oxide   groups   together   to  unite  with  6    silicon  oxides. 
This  is    som-otiri6s   ?rritten  AlsC's.KsO.  bSiO^, ,    and    is   called   the   alver.iniixi 
potassium!  silicate.      This    silicate   is    a  Yn^'Xd  m.ineral    called   orthoclase. 

From   these    combinations   of    the  oxides   sf    the  left   hand  group 
(basic)    vd  th    the  oxide   of    silicon    (-icid),    v/e  get   the   above   and  a   nuiaber 
of   others   as; 


AlgOgKaO^SiOg 

or-^hor;l  f^r\^ - 

(a-v,) 

AlRaaUaoCbSiOg 

-      .-Ibite 

(Ab) 

AlsOsCaOPSiiOg 

anorbhito. 

(An) 

If  the   two   latter    occur    together   they  arc   'ipt    to  ninglo   so    intiaately   - 
in   any  proportion  -    that    they  cannot   readily  be   di  stinf^uishod,    and 
another   name    is^'ivon    to    the   combination   -   plaf'ioclase. 

The   orthoclaso  and   plagiocl.ses   togothor  are   grouped   as   felspars 
and  make   up  a   groat  deal   of   the  rocks    in  the   earth's   crust, 

ThG  oxidGs   of   iron  -and  nagnesiur..,    tof,other  ^ith  those   of   calciura 
and  alui:iiniura  also   unite  with  silicon   oxide   to   forr,  another  group   of 
silicates.      On   account    of  the   cor.zion  presence    of   iron  and  nagnosiun 
these   are   some  tines    called   the   ferromagnesisoi   g:roup.      Usually  these   are 
heavy  and  dark   in   colour.      The   three   nore   coimrion  r.ieubers   of    this  group 
are   pyroxene,    hornblende   and  biotitc    -    tno   latter   a  riica. 

After   all    the   oxides   of   the  loft  hand   coluiTin  have   united  ^rith  as 
much    silica    (silicon   oxide)    as  tliey   can  use,    it   sorietimes   happens   that 
there  reinains    still   more   silica.        This    forms   of   itself   a  hard   substance 
to   which   is  given   the   name   quartz   -   varyini-^:,  from  glassy   clear   to  milky 
to    sm-Oky   in   colour. 

From  the   original   oxides   v/e   now  have: 

Qiuartz   -    the   silicon   oxide    -   SiOg 

Orthoclase   -    the   potash  felspar    ( AigOaKgCSSiOg) 

Pla^nnrlnc,p    (Albite  -    the  soda   felspar    ( AloOsKEOfeSiOg) 

i^j.abiee±dbe    (^,^^^0^.^^^^^      -    the   lirp.e   felspar    ( Al,,03Ca02SiOg ) 


(PI) 


Biotite        )_    ^v^^   ferromiagnesian 
Hornolende)  silicates. 


Pyroxene      ) 

The   biotite,    hornblende   o.nd  pyi'oxene   will   be   abbreviated   as: 

Biotite  -   Bi 

Hornblende      -  lib 
Pyroxene  -  Py 

Each   of  the    compounds   above   listed   tends    to    organize   itself    into  a 
solid  7/ith  a   very  definite   plan  of  structure   from  which    it  rarely  de- 
parts.     This   is   called  a    crystal   and   the    crystal    structure    is    character- 
istic  for   each  of    the   compounds.      Charaf^-teri  stic  also    are   such 
properties   as    colour,    hardness,    etc,      Furthermore,    all   of    these   compounds 
so  ferried  vfithin  the  earth   of  definite    composition  and   usually  with 
characteristic  crystal   structure  are   called  m.inerals.      Since    the  miTip-mis 
listed  above   are  among  those   from  which  most   of   +■>!"--  T^'"^va   pt^^^  innflo, 
they   are   often    called   the  Rock  Forming-  i!iiy^'^r---^i  •^z 

Quartz,    orthoclase,    plagioclase 


ROCKS  J,. 

The    rocks   of   the  earth  -arc   divisilolo  into   three   rrpAn  groups   - 
the   Igneous,      the   Sedimentary,    and    the  Metarior^hic. 

The  first   group,    the   Igj-^eous,    includes   those  rocks   v;hi  ch  have   solid- 
ified fron  nol  ton    solutions,    s.tA.    granite,    syenite,    diorite,    gabbro. 

The   second   group,    the   Sedinontary,    is    the    group   of  rocks   which   have 
been   laid   dowi   under' water,    ana  later    solidified,    conglomerate,    sandstone, 
shale,    and    lincstozio. 

The   thj.rd   group,    the   Metariorp h i c ,    is  Tiade  up   of  rocks   which  77ere 
originally  either  Igneous   or   Sc dinientary,    but    sine-.;    their   origins  have 
been  so  modified   by   the   vicissitudes   of  heat  and  pressure  within  the 
earth's   crust   that   thoA*   no   longer   resemble   their   fornor   state,    and  are 
noT7  called  Metanorphic  rocks. 

The   Igneous  Rocks 

The  coraraon  oxides   of  the  earth's    crust   have   already   been  noted   as: 

AlpOs  S1O2 

KpO 

Nao  0 

Ca'6 

MgO 

TCO 

Let  us  suppose    that   deep   in   the  eaj?th   there    is  a   ■'■lelt   or   solution  of 
those   oxides   at  very  liigh   terrperatiires,    :iQd   that   in  this  rielt    there   is   a 
very  high  proportion  of:  al'orana    (Alj^Og) 

potash      (KoO) 
and   silica    (SiOg)    in  abundance, 

with   siualler   araounts   of     ina.^posium  oxide    (lagO) 

and   iron   oxide    (?eO) = 

As   the    solution   begins   to   cool    the   ozides   v/ill    tuid   to    coiiibino    to  r.iaks 
various  minerals. 

The   alumina    (AI0O3)  ,    potash    {K.^G}  ,    and   silica    (SiOg)    will   alraost 
surely  group   to   fomrthc    potash   felspar    -   Al^Og  .Z<:eO.  6siG2    ( orthoclase)  . 

The   iron,    m.agnesia  and    silica  will    group   to    forra   the  f orromagnesian 
silicate,    hornblende,    or,    perchance,    biotite. 

Since   there  was   silica   in   abundance,    tliere  v;ill   still  be   some   of    this 
left    over,    and    it    mil    form,  of    itself   qn. arts,     (SiOg)  , 


Wg    thup,   hnvo    three    conpounds    botjinninr,    to    s^f^i-'^p-.n  i.c^    in.   th  o   nnintion; 

Silica    (Quart:;:) 
Potash   felspar    (Orthoclase)    and    & 
rerro  magnesian   silicate    (Horn'^londe)  ,  (or  Biotite) 

As    the   rock  further    cools,    eacn   of   these   corr.pounds   ■i;7ill    organize 
Itself   into   a  number    of    crystals,    grovring  throughout    the   whole   mass,    and 
finally,    r/hen    cooled,    the  mass  v/ili    he  nadc  up    of  an   onor'nous  number    of 
crystals   of: 

Qu-rts  (Qtz) 
Orthoclase  (Or) 
Eiotite  or  Hornblende  (lib)  ,  or  (pi) 

L  rock  of  this  coraposl tioii   is    called   a  granite: 


'--.  -^  z ) 

Or    )    -   Gra-ite 
Bi   or  Hb   ) 

In  .aniother    case   the   mult  may  have  all    the   oxides   as  above,    but, 
wi&h    just   sufficient   silica   to  make   the   felspar   and    the   f erromagD, esian 
crystals,    and  v/ith   none    left    over    to   tow?.,  quartz.      Hence   the   rock,    \7hen 
cooled!,    would   sho"w  no   crystals  of   quartz,    but   only   those   of   orthoclase 
(Or)    and, hornblende    (Eb)    or  biotite    (Bi)  «         This  rock   is    called  a 
syenite, 

?^!    ^  Syenite  .      •  ' 

Bi   or  Hb)  •  -    .  -_ 

Thi  ^^    rook,    it   is  notir-ed,     is    iii  st    like    a  granite-  T/ilh    the   quartz   left   out, 


Lw  I    uc   n(<w  anniriP'    anr.  thor   molt,    or    ^^niution,    also   deef    in    the   earth, 
^ut   in  this    case    let   there    be   littxC   or    no    ijotapsi  uir    oxidp"  vrhi  1  e    h"neve 
i  s  an  abiiindance  of   sodiumi  and    calciixa   oxides.    T;ith  a    smaller   amount   of 
iron  oxide   and   m.agneslum  oxide,    -and    jusfc   onough   silica    (SiOpj     to    coiablne 
V7ith  these   other   oxides. 


0 


Na^O 
CaO 
MgO 
Fee 

As  the  m:elt  cools  and  the  oxides  begin  to  combine  with  each  other, 
we  have  the  alumina  (AloCg) ,  soda  (Na^O) ;  lime  (CaO) ,  and  silica  (SiOg) 
arranging  themselves   as  follo7fs: 


5« 

Alg03Nao06si:c     (albite)  P.L;:u-;ioo]  nsr^    (sorlr,    1  ir/i    ff'i  ^-pv.T)       f^^ 

and  AlsOgCaOPSiOg       (anorthite)  ^"' 

Theso   groupings,    it   will  bo  rGcalled,    urc    known  as   albito   and 
anorthite,    which,    when   thoy    ire    tQi'othcr,    j-iinglo   so   intiraately  with   each 
othur   that   thoy  appear,    v/hcn  solidifiod,    as   one    crystal    -  pla!-'-:ioclase   - 
thG   soda  lime   felspar. 

The  f  erroriagnosian    oxides   v/ill ,    in    this  case,    also    coribinc   Tilth    the 
silica   to    forM  hornblende,    and,    as    the  melt  solidifios,    two   sots   of 
crystals    begin  to  grow,    and   whan,    after   long   rifsos,    it  is   all   cooled,    wo 
have  a  rock   coTriposod   of    a   Liiviiurc   cf    crystals    of  placioclaso   and  horn- 
blende,    in  appro?:  iniatoiy  eaiial  anounts,,      This  rock   is   c'llled  a   diorite    - 

:-;■■;    Diorite 

yrovi  these    throe   examples   wo   see    that,    dopondir^^-  upon   thf-    kind  and 
aniount    of   the  different    o:-:ides    in    the    i'-ielt,    wo  have   arrived  at   three 
different   kinds   of  rocks,    with  different   tiiinera].   cormposition: 

qtz} 

Or   )     -    Granite 
Bi   or  Kb   ) 

Or} 

Bi   or  Kb) 


Sven: 


PI) 

Hb) 


^r^orize 


Let    JG  now   iriafiine   one  v\OT'e  melt   or   solution  with    the  same   kind  of 
oxides   as    in  the   diorite    (silica,    soda,    liiue,    and   f erromagnesian   oxides), 
but   let    us   suppose    that   the   soda  and   lime    oxides   are  present    in  rnjch 
smaller   amounts    than   in   i"he    diorite  melt  and    the   f erromaimmesian   in 
larger  amoionts,    with   .iust    enou;-:;h   silica    (3iCg)     to    satisfy    ail   th -j  other 
oxide  St. 

On    cooling,    the    soda  lime   and   silica   will    combine    as  before   to 
make   piagioclasc,    but    in  snoaller  proportion    to    tlie  whole   than    in  the 
dior  ite. 

Commonly,    when   there   is  a    smal].   proportion  of   felspar  and  a   lai-ge 
proportion  of  f crromia^'i^Gsiari   mineral      in    the    ;;mlt.    the   latter    coil-^l'S   out, 
not   as   a  hornblende,   but   as  a   pyrooienOc      This  is   tho   case   wo   have   here 
presuiTiOd,    so    that  the  rock,    on  ciy  stallizing ,    tc.  11   be   seen   to   b'^  mad^   up 
of    crystals   of   plagioclase   and  pyroxene.      This   reck   is  called  a    gabbro   - 

Pi; 

py) 


Since    in   this  rock   -   gabbro   -   there   is    a  hi^^hcr  prop(jr  lion   of    tho 
fcrroirjagnosian  riincrals,    it   vrill  be   heavier   and  dnrkor    in   colonr    than 
the  dioriti-,, 

SuiTinarizing   those   groupings   of  •.r-inorals   to   foDa  tho    rocks,    77C   ha^'c: 

Or   )       -   Granite 
Bi   or  Hb   ) 

Or   ) 
Bi   or  lib    I       -   Syenite 


Pi 

fib 


PI   ) 

py  ) 


-   Dior  it' 


-    Gabbro 


If   we    ezai:iine    the   nineral    cor.ijjosit  ion  oi'  these  rocks   7;e    will   notice 
that    in   the   granite   there   is   a  higher   proportion  of    the   silica  than   in 
any  of  tho   other  rocks,    ajid  t'liat   this  proportion  of   silica   to    the   other 
oxides   decreases   through    the  above    series   until    it    is    at   the   lowest   in 
the  gabbro. 

Since   the    silica   is  th^'  acid    representative    of   the   ozidos,    it    is 
therefore   apparent    that  the  granite   is    the  riost   acid   rock,    and    tho 
gabbro    the   least  acid   or  the   nore  basic. 

Moreover,  since  the  basic  rninorals  arc  darker  ana  heavier  trian  the 
acid,  it  follows  that  the  rocks  to\7ard  tho  ba sic"  end  of  the  series  Tjill 
be   darker    and   heavier  than  those   at  the  acid   endr 


In   all   of  these    cases  the  rocks   have  been  presuried   to  huve   for':ied   at 
great  depth   and   to   have    cooled   slowly  enough   to   allov/   the    crystals   to    ferr 
leisurely  and   to  grow  v/ithovit    disturbance    till   they  iripinge  on   one 
another.      This   arrangetaent    of    cryst^ils   givos   ^'!    texture   characteristic   of 
rocks   which  have   cooled  and  frozen  at   i.:;reat   depth    (deep   seated  rocks). 
This   texture    is   called   the   granitei-?.    t^^xture. 

In   sone    cases,    however,    the   rfiOlts  may  work  ut)   to   the   surface   as  hot 
liquids  and    be   poured   out    on    the   surface   as   lavas.      In   these    cases    the 
crystals   do  not   have    tiriie   to   grow  fully  ar.d  will    be  iriuch   s'Maller   and  with 
a  r?iore   disturbed  arrangement   then   in   the   de^p    seatt^d  rock.      Although   the 
mineral   composition   of   a   givenlavri   :;.ay  be   the   saiae   as    its   corresponding 
deep  seated  parent,    yet,    since   the   appearance   is    so   different   fror  its 
parent,    it    is   given    a  different   nanio. 


7. 


THo   names  cf    tho  lnvn.s   corrcspondin/:   to  the    different   deep  sealwO 
rocks   already  discussed  is   Given  bclo-v: 

MincrrJ.    Coripositioii  Deep   Seated  Surface   flow 

rocl-is  Lavas 


-  tz) 


-=c 


Or   )  Or -.nit  e  Rliyolite 

Bi   or  Hb   ) 


^^  I  Svenite  Trachyte 

Bi   or   Hb  )  ~ 

PI  )  Dioritc  Ar.'desitc 

Hb  )  


Pl   )  Gabbro  Basalt. 

py  )  


(v> 


In  thtj  above   tabic    tho   deep   seated  rocks  have  boon   very  sIctz  in 
coolinG   and  are   coarse  grained,    T/hile   the  surface  rocks   have    cooled 
rapidly  and  are   fine   ;jraincd.      In    sOi._o   cases,    hovevcr,    tho   rielted  rock 
lie.s  rrdr.rated  from  its   deep   seatod  houij    toward  the    surface   and  has  been 
forced   into  higher  and  narro'^er    channels   '^'hero    it  has   cooled  riore    slo~ly 
then    the   lavas   but  much   r^cre   raoidly   th' n   tho   doop  seated   rocks.      The 
rocks    so  fonaed   in  those   narre—er   ana  hit/nor   channels   are   kTi0^;7n   as  the 
intermediate  rocks.      In  these  rocks   some  cf    th^.    crystals  may  be   larro 
and   veil   for;;iod,    bat    ^ire   surrouna^-d  or   iaJbedaed   in  a  :^.a3S   of   smaller 
crystals   which   in   sor^e   cases   are    qijite   as   smr.ll  -.s   tho    crystals  of   tho 
surface  flovr.  Tbis    te:cturc   -   of   l-^r.-'^r    cr?/stpls    imbedded  in  the 

mass   of   smaller    crysfrls  -    is    call-:.!  the    pcrimyr it ic   texture. 
This  texture   is   co..imon   to    many  of   the   intermediate  r,^cks,    bu:    is   not 
■M'l  essential   characteristic    c^f   thij;;. 

In  the  folloiwin{3  table  will  be  sao^Tn  tho  navA;s  riven  to  tho  inter- 
mediate rocks  corresponding  to  tho  deep  seated  rocks,  aranit.:.,  syenite, 
di or  i  t  e  ,    an d  t-'abbr o . 


8. 


Table    Shomnp;  Deep-Seated,    InterriOQi  at'5 
and   Surface    I^:\neouo  Roc:.s 


Mi  nor. Ml    ComTjosition  Docti   Seated 


ritcmediatc 


Surface  II 07/ 


--     4-   r.    1 

Or) 
3i   or   lib) 


Granitv 


Q,tz  Porpnyry 
Gr^aJilto  Porohyi 


I^nyolit. 


Or) 

3i   or  Hb) 


Syenite 


Por^bvry 
Syciiit;  c   PorT)rivrY 


[r  ■ :  C"'.  vt ' 


PI) 

3i   or  lib) 


Dior  It. 


Poi-obyi^ito 


Andos; 


PI) 

py) 


ijiMoy.SC 


Basalt 


Tills    tabic   irlv;;s   a   fair   Ov-tlinc    of   t''.o   princi-.n.l    ii-iK.ouG   rocks. 


Tn^ro   arc   a  ivj.i-jsot   of   inodificatiorj 


O        -■   -         O 


b^S';  rociis,   rnosi;   of   ■vrhi  c.a  ;2o.y 


be   looked  up   3  s  required,   but  t/icrc    is    one,    the  na/^-    of   Tin :.  en 
qaentiy  occurs   in  iriiniRi:;   lit,::r'atui'0   -   granocioritc   -   and   iz   vtHj.  b' 
briefly  described.      Granodioritc,    as    its  narriO   v/ould   i::;ply,    partake 
the   character   of   a   granite   01:6.  a   dioritc   bavin;:  all   the  lein^>rals    e: 
each: 


•<,tzj 
Or) 
PI) 
Eb) 


Qr-nnodier  j  t-;' 


In  appearance   the   yrcnod  iorit^:    nay   loo;< 


1  ."I ./    u.n*-  (''r'^ 


::UCn      J.lr..,       ui.ii_.     ,^  J.- l::  I  .;.  u  -  , 

on   closer   inspection   of    the  hand  spcci::.-:i,    or  v/ith  the  r:icroscopc,    th 
presence   of  sufficient  plagioclase  nay' be   d.,t-:ctcd,    '.ilone   rith  th..; 
orthoclasc   to   raid-j-r    jt    a   ^raxLodiorito, 


ir 


,■^■-^.. 


I.  ■  ' 
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¥:-:iTF:.i<TrG 


After   any  i\,.in   stori; 


noted   tnrt   th'^ 


:tor   trie:;:: 


m,-   c 


tho    surfucG   of   the  rround   an.i   tinen   ••;-tnerin;:   into   lr<rr.OT  rivulets,    is 
d_3colored   with   particles   oi'  ::rad  v.'-Ti  c-i    it    is   carrvlnr    in   si;  s-ension. 
A   closer   oxai.anati  on   v.lll   shov/  also   tn.et    it   is  rolling-   alon.'J    te.e    ••reund 
a  larfo  nuriber   of   sand   particles  and    c  all  recL   partlcl^^s   which   are    too 
heavy  to   be  held  up   in    the    streai.i.      All   of   these   particles   are   on   the 
v;ay   to   larger  streaies,    and   froin  there   to  the  rivj:;:  7:;iich  ultiately   rrill 
carry   theii  to  the    lake   or   to    the   s^a.      Thcao   particle  a   -^qIc-:-     .r:.   boinf 
hurried   alonf-   by   the  running  water  havu   bO'^n  rashed   off   tr.-    soil  and 
exposed   reck  froia  vrhich  they   have  been   loosen'^d   by  ta^.    action   a 
ina'  a r- onto. 


-f>  ,-r'^    . 


•^L    UixWX 


It   is  probable   that   at   one   tine    all   of  the  earth^s   surfcc:.  was   rado 
up   of    the   different  rocka    previously   described.      They   i  .ay   nav:-..   poured 
■rat    en    the    surface   as   lavas    in    the  first  place,    or  they  r.ay  have   solidi- 
fied  deep   in  the    earth  and  later,    by  slow  earth   farces,    been  brau..ht 
ultiiietely   to    the  top,      V/herever   these   rocks  war..    v^?:poaed  to   ti-.    at':,-es- 
phcTo   and  to   the    chanrjing   tenperaturu    of   day  ana  .Li-:ht,    ta^.vy   wore   slowly 
broken   down   -   disintcarated   and   decci'^osec.,      T ': :   fir:.ly  boimd  f^rains   of 
'.^■uai'ta,    rolapars,    Hornblende   or  pyrozeene   were  loosened  fro^!  one   anoi'her 
by  alternat'o    expansions  and    contractions   due   to    chaiipaes   ef  terperature 
and  rTradually  fell   apart    into   an    incoherent  riasc   of    individual    (j-ains. 
These  {--rains  were   th  jn   attacked  on   aJ.l   sid'-e  by  the    water,    oxya'-ni  and 
carbon  dioxide   of   the   atnosphere.      By  those   aaa-nts  th-y  w^-r-j  partly  or 
whollj'-  dissolved   or   decoriposed. 

The  Felspars   were    deconposed  to  f or"  .  clay    (Ka^.-lin)     {In-^elublo)    and 
so;-:e    soluble    carbonates    such   as  Potassiuw  Carbonat'";,    Soaiue.  Caroonste 
an.d    Calciur.   Carbonate, 


The  FerroDacnecians   7:ere   decosiposed  te   fai-:.   soluble    carbonates   of 
I^'aanesiun,    CalciUin,    and   Iron,    with   soao   s:.iall   amounts   ef   the    ci;:' 
lin)     (insoluble). 


Hvao- 


The  Q,uartz   is  very  resistant    to  these  attacks  and  re;;;ains   ar-^act- 
ically   LinTcuched  by   the   attack   of  the    atmosahere. 


The   soluble  aatcrial    is    carried  away   by  thj   tricklin:;,  water   - 
ihe    surface,    in   rivers   or  unc 
rivers  until   finallv  it  reachos   th. 


alonr    the    surface,    in   rivers   or  underground   in   sarinys,    and  thei'i   in 


The    insolublo   substances   -   the   r^uartz   and  Kaolin   -    ar--    l,.ft    in   the 
pl'.ace   where   they  were   weathered  till   heavier   rainfalls   wash^^d   then  into 
th(.    strearrjs   where,    as   sand   and   aud,    they  also  are    swept    out,    ultmately 
to   the    soa,      Alon;^:  wi  th  this    sand   and   riud,    in    th^  laraer  ar/"'    stronger 
strca^iis,    are   also   lara'-ir  rook  fraa7:.ents,    such   as  pjbbi.^s,    s..all   boulders 
arid   aravel  which,    aJ-On;;  with   theie,    are   rolled   fjlona    toa^ard   th.^  ocean, 

h'^nco,    the   rock   mich  ori.lnally  was   borri   deep   within   the  '.-._erth 
and  later,    by  various  ::iovarients,'  \7as   brought   up    to   the  earth's    aurfarso, 
has   no';/  been   broken   up  by  weather ina  and,    in   the  disintegrated  and.  do- 
co.:.;poi^^ed   fcna,    has   beoii   borne    by    iA:^   rivora    t,v.>   the    scjti. 
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In   tliG  :;eaiiti:;iO,    th-..  rocha  at   tho   s::o    cooLst   havo  boon   -ttG.c::..d  by 
the  V7av.js   of  thu,   oc^an   ar^d   tho  sliorc   cliffs   hav^  bc>.n  undorriincd   and 
boatun  dovjri   by  tiic   plun/Hn.-  vra/b^rs  at  their   base.        The  f ra(3':if-nts   froa. 
til-:  rock   cliffy  a. ay    be   broken  to   all  d<i,raas   of  finoacss,    go   that 
ultinatcly  th.^  rocic   of  tho    a^-a  coast    is   aroand  by   the   7:av..3   to    tha    forn 
of   f-ravcl,    sand   and  -aud. 

Thus,    frori  the  riaara   that   aaur-inta    tha    s^a,    and  fro;;   tho   shore 
cliff  at    its   ;aarain,    tla^ro    la  daliv^r-.d  tc    tha  Tratcra   ef  th'..   ocv:;an  a 
load   of  fravol,    sand   ajid   '.ud  -aith  jaich   othor  aatarial    carried  alon/5   in 
solution.      Tha    solid   particles   -   araval,    sand  and  ::ud   -   are   -araod   0T..r 
by  tho  advancin-    ;mves   aa^    carried   saav-ard  by  the   vater   rotr.^atinc.      Tn;. 
heavier   and  coarS'..r   aatia-i-  1    cannot  bi.    carriod   far,    and   hence    tha  gravel 
is    1-^ft   as   a  lony  baud    just   st   er   aee:^   tha  vaiter   level,        T' a   sa:id   is 
carriod  farther   out   aad'th^-   -.ud   still   farther   than    the   sand  b'.fore    it    is 
dropped    froa:  tha   cuiot.jr    V7at..rs   of    the   deeper    s-^a.      Thus,    fraa.  tho  shoa: 
lino   outv;ard,    7;o   hava   succossiva   bands    of,    first   araV'-l,    thv.n    sand,    ano 
th^^n   'jud,    oach  r^raciura.ly    bccc.;int:    uhicker   as  th^.    CuntTa:'ivs   yj   by,    aad   aha 
land    is  T/orn  dovai  and    the    debris    carried  oat   to   the   oc^an. 

In   addition  to  the   fraancintal    -aitv.rial    that    has  been   railed  alonp 
tho  botton  or   carried   in  suspension   in    the   str.ans,    ia   vras  a.ot..d   that   a 
yroat    part   of  th.j   ;::inorals    had  been  docor.iposod    to    for?,  new  sab  st  micas, 
soirie   of  7fhi  ch     are   soluble.      A:;iony  th:.so    is   Calciua,  Carbonate    (Ll:aa)  , 
This  was    carriod   out   in   solution  ana,   beina   in  solution,    cauld   be   trans- 
ported wherovor  the   v/ator   travellod.      It   was  not    lony    in   th  j  ocean  ^rat^r, 
horavi^r,    until    a. rill   aninals    took   s^.:e...    of  this   lii.^e   fror.,  sol'a';ica  and 
built  it   into  th^ir    shells,      L.^   tiaa   th^e   aai'-ails   di  .^d   and    thoir   shells 
-are   b>-quoathod  to    tn.    ocean  botto!.'   as   lii.ia.      Th  Ls    li;;.:.,    to:-...tha-   ^aith 
oth-r   lii.o,    pr  .cipitat:..d  fro::   th._-   aatar   in  diff...r_nt  T/ays,    yradually  ac- 
cuaulated  un,til   there   v/as   built  v-g    a  thickness    of   li:ioy  :.at-.rial   airiest 
as  ;::roat   as   th..  ;nid  and   a  and.      Usually  tha    accuroilation  of   li;.xC   is   a 
little   farther  out    i::    the    ocean  thun  ta--   i.:uddy  depasita   already  aoscrib^.d. 

Throu;/h  ::any  ayes   these   acca- ulatie:is   of  aravol,    s'-nd,    -.ad,    and  li' :a 
are   beint;;   built    up  with    the  botto"   Iri^-era  b'.inr;  ;:are  and   \aora   co:i?rasced 
as  I'lore   load   is    add-.^d  above   the  .,      Und^-r  the    influaaca   of   this   load   and 
otjiar   factors   tho    iricoherent   r-ravc,ls,    sands,    raids,    a:id  li:..wy  oozes   rrac.u- 

■"•lly  bacoriO    oa:.p)r.:ssi-d  ta   solid  racks,    kaaan   rospectively  as    cau<':lo:::erat :., 
sraadstone,    shalu,    and    liTiv-storie, 

Grav.;.! 

Sand 

Mud 

Li^x^y   ooz^      -  "  Li:--.stan^ 


E:aGept   for    the    ;)reae>ice  'of  :.ii}d   ar.d   othtir    inpurioie  s    t-.e    li;:!ijstone    i"^ 
raade    up   of  Calcium  Carbonate,    u    coaooinad  v.'hioh  repreaerita    the  imicn   of 
Galairjii  Oxide  (CaO)    and  Carbon  Di.oxide(G0  2) ,    asaally  v/ritten   CuCO^. 

With    this    Galciarri   C'lrbonate    there    sojieti.  les    occrir  v-ar.;i.:i^5  a::.ounts    nf 
the  I-Iuf^nesiuai   Carbonate    (i^yOO^).      './hen  the     ..mouat    of  Hajnesiuia   Carbonate 
is    about    eq_ual    to    the    Cilciuin   G;irbon..te,    fa;    rock   is    c.-.llerl.    u  Dolomite . 


.r 
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FOLDING  AITD  FAULTING 

The   sedimentary  rocks   which   we  have    just   considered  were   for  the 
most    part  laid  down    in  fairly  level  beds   along   the   margins   of  the   con- 
tinents  or   in  such   interior   seas  as  Hudson  Bay   is   now.      In   the    course   of 
time  the  sediments   so   laid  dovm  were   compressed  and    the    individual   grains 
cemented  together   to    fom   the   solid  rocks  -   conglomerate,    sandstone, 
shale    and  limestone,    or   dolomite. 

The   increasing  thickness  of   all  this  mass   of  sandstone,    shale,  and 
limestone  must  ultimately  make   a  tremendous  load  on  the  sea  floor  beneath 
it.      This   load  tends   to   push   this  part   of    the   sea  floor  down  farther   into 
the  earth's   crust   wherever  the   scdimicnts  have  been   accum.ulating.      To   get 
into  a  lower  place   in   the   crust   they  must  take   up   a  position  v/hore   the 
circumference   is   sm^allcr  and  hence  must   have   some   difficulty   in   crowding 
down   into   the  smaller  space.      The    crowding   develops   a  lateral    thrust   in 
the  rocks  at    their  margins   and  also   in  the   sinking  sediments   themselves. 
This  thrust   in  itself    can  bo  very   great  but   there   is  in  addition  a   fairly 
constant    tangential   thrust   over    the  earth's    crust   during   certain   intervals 
of  time.      The   latter   thrust   may  be  due   to  the    shrinkage   of   the   interior 
and  an  endeavour   of  the   whole  exterior    crust    to   sink  to   a  lower   level   and 
hence,    of  necessity,    to   shrink  to  a   srriallcr   shell  at    this   lower   level. 
Whatever  may  be    the    cause,    there    is   developed   in    the   crust   this   larger 
and  major    thrust   tangential    to   the  earth's   surface.      In   those   places 
whore  the    sinking  sediments   are   of   themselves    creating   a  thrust,  and 
crowding   themselves   and   their   adjacent  rocks   to   the   disturbance   of   the 
whole  area,  the  more  widespread   thrust  finds  a   place   to  more   easily  ex- 
press  itself,    and  hence   all    the   adjustment   necessary   for  a   vadc  area  of 
the  earth's   crust    is    likely  to  be  manifested   in  these  bands  where   the 
sediments  have   been  laid   down.      These  bands   arc  usually  at    the    edges   of 
the    continents   and  the  direction  of  the  greatest   thrust   is  usually  at 
right   angles   to   the  margin   of    the   continent.      The   thrust    in   its   applica- 
tion  is  usually  slow,    but    it   is  persistent  and   it   is   relentless,    and    the 
rocks  must,    in   some   way,    adjust   themselves   to   this   enormous   lateral 
pressure.      Let  us    consider   the   manner   in  which   this    is  done. 

Some   of  the  softer  rocks  rr^y  just   thicken  under   the   pressure    just   as 
a   slab   of  putty  or  plasticeno   would   thicken   under  pressure   applied   slowly 
from  the  sides.      If   in   the    case  of   the  plasticeno  we  were,    however,    to 
make   up    a   composite   slab   of  alternating  layers   of  plasticcne,    paper   and 
very  thin   sheets   of  lead   or   alumiinium  and   then   apply  pressure  to    the 
sides,    we  would    find   that,  instead   of   thickening,  the   slab   would   tend  to 
buckle  and  bend  rather  than   to    thicken.      If    the   width  and   length  of    the 
slab  v/ere  very  groat   compared  to  the   thickness,   we  would   find   that    it 
would  develop  a  groat  many  folds   or  buckles   -  upward  and   downward  fold- 
ings alternating   with  each   other.      We    could  still    identify  the  different 
layers   of  plasticeno,    paper   and   alurainium  or  load,   but   they  would  no 
longer  be    in  parallel  planes  but    in  parallel   folds   of  the   various        ■'    ".'-. 
materials. 

In  the    same   way  the  layers   of  the  earth's    crust   which  had  been  laid 
down  in  practically  horizontal   parallel   layers  may  respond  to   the   thrusts 
that   are   directed  against   their   sides  and    transmitted  through  them. 
Very  very   slowly   they   begin  to  buckle    into   a  number   of  folds,      the 
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upthrusting  parts   of   the  folds   alternating   with   the  downthrusting   parts 
of   the   folds   and  each   of   the  folds   developing  nore  and  more   as    the   pres- 
sure  or  thrust    is   continued.      After  many  nany  ages    the   thrust  may  exhaust 
itself   and   the  beds   will   no  longer   feci    the  groat   pressure   that  had  been 
crowding  then  for    so  long.      But,    the  effects   will   remain   in  the   long 
scries   of  folds    into   which  the  rock  has   been   bent.       In  many  cases   those 
bent  and  folded  rocks   have   later   been  brought   to   the    surface  and  we    can 
now  see  the  manner   in  which  they  have  been  bent   and   folded  when   deep 
mthin  the  earth. 


Sometimes  when 
very   great  time,    the 


the   thrust   has   not    been   too    severe   or   applied   over 
folds  have   taken    the   form  of   gentle  undulations; 


sometimes  with  a  greater 
sharply  rounded  tops  and 
so  severe  that  the  sides 
one  side  of  the  fold  are 
si  do   of   the  fold. 


thrust   the  folds  may  have   steeper   sides   and  m.ore 
bottoms;    and    sometimes   the   thrust  may  have  been 
are  pusned   so    close   together  that   the  beds   on 
practically  parallel   with  the  beds   on  the   other 


For  the  sake    of    convenience    in   speaking   of    folds   or   parts   of  folds   a 
number  of   common  names   have  been  applied  to    the  different   kinds   of  folds 
and  to    the  different   parts   of   any  of  these    folds. 


and 


The  upward  pointing  part  of  a  fold  is  called  an  ANTICLINE, 
The  downward  pointing  part  of  a  fold  is  called  a  SINCLINE, 
The    top   of  the  anticline   is    called   the   ORES': 

The  bottom  of    the   synclinc    is   called  thi    

The    side   of   an  anticline    is  called  the  FLANK   or  LIMB   of   the  anticline 
it    is   to   be   noted   that  this    is    also    the  FHaETT  or  LIMB  of   the   adjacent 


'f    the  ANTICLirB. 

TROUGH   of    the   SYNCLINS. 


syncline. 

The  line  joining  the  crests  of  the  succeeding  beds  in  an  anticline 
is  called  the  AXIS  of  the  anticline  and  the  same  term  is  also  applied  to 
the  line  running  along  the  crest  of  the  anticline.   The  AXIS  of  the  syn- 
cline in  the  same  way  is  the  line  running  along  the  trough  of  the  syncline 
or  the  lino  running  dovm  through  the  bottoriS  of  the  succeeding  beds  of  the 
syn  c 1 in  e . 

Pitch 


cres 
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When   the   undulations    arc 
gently  avray  fron  its    crest   the 


broad   and   thu 
anti  clinc    is 


flanks   of 
said    to   be 


the 
an 


anticline 
open   anti  : 


dr  ep 
;line. 


When  the  thrust  has  been  severe  and 
arc  alraost  parallel  with  the  beds  on  the 
closed  anticline. 


the  beds    on  one  side   of  the   axis 
other   side    it    is   callud   a 


Open  Anticline 


Closed  Folds 


If   one   were    to  place    on  the   table  a   number    of  layers   of   fairly  heavy 
cloth  and  then    to  press   the   edges   of  the    layers   towards   the    centre   of    the 
table,    there   would   be   developed   in    th^   cloth  layers   a  number   of  folds. 
If   we   were    to   try  to   force   the    layers    to   take   up 
folds    continuous   frcr.i  edge   to   edge   we  ?;ould  find 
nost   inpossible    task  unless  we   were    to    carefully 
fold.      Left    to    itself  under   the   thrust    the    folds 
running   part   way   across   the   cloth  then    criii:ipling 
be    succeeded  by   other   folds   of  perhaps   a   d 
no  fold  within   the  earth   will    be    continued 


regular   straight   line 
■-7e  had  engaged   on  an   al- 
plait   eacn  indiviaual 
■»7ould   devulop    irregularly, 
do  Yd   and    disappearing   to 
fferent   order.      In   the    sarriO  way 
indefinitely.      It   rrny   run   for   a 


great   distance   as   an   anticline  but   ultinatoly    the   crest  will  begin   to   fall 
away  along   its   length,    the  fold  will   begin  to  flatten   out  and  ";ill   finally 
disappear.       If   follov/ed   it   may  even  appear   that   the  axis    of   the  anticline 
has    continued   along   to   becono    the   axis   of  a    syncline   and    the   upward  fold 
has   become  replaced  along   its   length   by  a   dcvnward  fold.      Whore    tho    crest 
of  the    anticline    is  falling  away   .-ilong   its   length   the  anticline   is    s-iid   to 
be  pitching  or   plunging.      Siridlarly  where   the  trought   of    the   syncline   be- 
gins  to  nose   upwards   the  syncline    is    said  to  plunge   or  pitch.      It    is   to  be 
noted  that   as   above   suggested  the    downward  plunge   of  the  anticline   and  the 
upward  plunge   of   a   sjmcline   may   be    continuous   with   each   oth'^r, 

plunge 
°^  pitch 
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It    is   evident   that    the  beds    in  the  upper  part   of    the   anticline   are 
tended   to  be    stretched   -   or  are    in   ■,   condition   of    tension  while   the  bods 
in   the   syncline   v/ill   be   under    sov^ru   corriprcssion.      These  factors   tond   to 
develop   cracks   in   the  bods   of   the   anticline  and  to  coriprcss    the   bods   in 
the   syncline   raore   firmly.      Consequently  v/hen   at   last   the    folded   beds  are 
brought   to   the    surface   and   exposed  to   -weathering   and  erosion   the    tops   of 
the  anticlines   are  found   to  be  ijiorc    susceptible   to   attack   than    the   parts 
of   the  beds    in   the   syncline.      On   account    of    its   vreakness   the    anticlinal 
section  is  rapidly  v»rn  down    to    the  level    of    the    synclinal   section   and 
quite   frequently  far  below  it,    so  that    the   position  of   the  anticline   is 
no-j  rriarked  by   a  valley  and  the   position   of   the    syncline   a  hill   or    even  n 
by.. a  mountain. 


DIP   AITD   5TEIK?] 

In   the   course    of   time  many  of   the   sediruentary  beds   v;ere   lifted  up 
above   the   surface   of   the   ocean  and  were  exposed  to    the  view  of    future 
observers.      If  these   beds   v/ere   uplifted  without   warping  they   would  appear 
at    the    surface  as   they  had  been   laid  down   -   practically  horizontal   or 
flat    lying.       In    this    case   only   the  upp  or  bed   of    the   v/hole   series   would  be 
exposed      on  any  flat    surface,    with   all   the   others   hidden  beneath   it. 
Only  on   the    side   of  a   hill  would   the  edges   of  the   underlying  beds   be 
brought    to  viev7. 
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In  most  cases,  however,  the  beds  have  been  more  or  less  tilted.-  and  - 
some  cases,  as  we  have  soon,  very  much  distorted  -  before  being  brougn' 
the    surface,      V/here   the  b^ds   are   tilted  from   the    horizontal    it    is 
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evident   that   at   some  place   or    other  this  tilt  must   hring  the   edge   of  the 
bod  to   the  surface.      The   part   of   the  bod  exposed   at   the   surface   of  the 
earth,    whether    on  a   flat  plain   or    or   the   side   of   a  hill    or    in  a   gorge,    is 
called   the    OUTCROP   of  the  bed. 

If  the  outcrop  of  a  tilted  bed  is  on  a  flat  surface,  it  is  evident 
that  the  outcrop  will  be  in  the  forra  of  a  continuous  straignt  line.  If 
the  country  where  the  bed  emerges  at  the  surface  is  rolling  or  hilly,  it 
is  also  clocx  that  the  outcrop  will  not  bo  in  a  straight  line,  but  will 
wander  from  side  to  side  as  its  emergence  is  controlled  by  the  shape  of 
the  hills   on  which    it   outcrops. 

If,    therefore,    we   wish  to   f«^llow  the    outcrop   of  a  bed   in   a  rolling 
country,    it  will    be   necessary  to  trace    it    st<-.p  by  step   in   all    its  wandor- 
''ings.      On   the   other   hand,    if   we  find   a  bod   outcropping   c^n   a   flat   plain  we 
can  be   sure  that    the   line   of   outcrop   is    straight,    and   if  we  are    able    to 
find   even  a    short    section   of   outcrop  wo   can  project   this    lino   ahead  of  us 
a;  i   expect    the    outcrop    to    continue  along   its   extension.      For    instance, 
let  us   suppose   that   wo   are   following  an   outcrop   along   a  horizontal  plain 
and  we    come    to  a   swamp   which    covers  the   plain  and  conceals   the    outcrop. 
It    is  reasonable   to   expect  that    if   -/o   could   continue   the  direction  of   the 
outcrop  and  keep    a   straight    lino    through   the    swamp   wo   should   bo   able    to 
pick  up    our    outcrop   on   the    other    side   of   the   swamp    in   the    extension  of    the 
flat   plain   on  v/hich  we   started.       It    is   customary  to    ca.ll    the   direction  of 
the   outcrop   on   a   horizontal  plain   the   STRIKE   of  the  bed.      The   direction  of 
the   strike    is  given   in  ordinary   geographi  cal    term.s   as  Worth,    or  Northwest, 
etc.      It    is  evident  on   a  little  reflection   that    the    line    where  the   bed 
cuts   the   horizontal    surface   is    the    strike   and  further   that   wherever   the 
bed    cuts   any  horizontal  plane   the    line  formed  will    bo  parallel   to    the 
strike   and  any   such  line  will   give   the  direction   of  the;  strike   ,1ust   as  well 
as   the    line    along   the  surface   of  the   earttL.      Because   of  tiiis  fact,    we  are 
able  to   get  the    strike  of   the  bed   deep    in   a  mine    as   well    as   at   the   surface 
of    the  earth. 

In   the   above    paragraph  wo   have   noted   that    any  sloping  bed  of  rock 
~^^}ast  ultim^itely   outcrop  at    the   surface   of  the   ground  and   that   the   linu   of 
outcrop   on  a   horizontal  plain   is   the   strike    of   the  bod.      When   we   know   the 
strike    of   a   bed   we   are  able   to   folloVi^     its   outcrop   along   the  flat   hori- 
zontal  plain,   but   we   also   noted  that    if   the  surface   of   the    ground    is 
irregular   the  ,line   of   outcrop  will   be  wandering*      The  degree   of  wand-    - 
'Bring,    will   depend  upon   tv/o  things:     (1)    the   character   of    the   ground; 
(2)    the   degree   of    slope   uf    the  bed.      It    is  apparent   that    if    the   bed  has 
been   tilted  until    it    is  vertical,    it  would  tend   to   keep   a    straight   line 
across   any   irregular   surface,    but   that    if    it   was   nearly  flat   a   slight   ir- 
regularity in   the   surface  would    cause    the    line   of  outcrop  to    shift 
considerably  to    the   left   or  right    of   its   course   on   the  flat  portion  of 
the  plain. 

Ik  ■  ■        To  get   a  better   idea  of   the    course  of    the    bed  over  an   irregular   sur- 
(r'|ice   and  also    to  know  more  about    its   position  underground,    it    is   there- 
•.rore  necessary   to   know  more  about    its   slope    than  merely  the   fact   that    it 
:as  a   general   slope   towards    the  north    or  northvrost,    or  whatever    the   case 
:.ay  be,    i.e.    we   want    to   know  the  exact   amount   by   wM  ch   it  falls   away  from 
'the   horizontal   and    the  exact  direction   in  which   it   falls   away.      This    is 
called   the   DIP   of  the   bed.      Of    course,    it   is   evident  that   on  a    sloping 
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bod   there    is   a   slope    in  any  dirocti..n   oxccpt    ono,    and  that    is    the 'lino 
of   intersection  with  a  horizontal  piano,    or   the.   Strike   or  the   hwd. 
Along   any  othor   line   there    is    sorco    slope   -  v^ry  ^entiu  near    the    line   of 
strike   but    increasing  along  linus   that   trend   avvay  Tron  the  direction  of 
strike  until  the   slope  reaches   a  maxirxun  along  a   lino   at  right  angles   to 
the   strike   directicn.      This   line   is   the  direction   of  Dip   and   the   anount 
of   dip    is   the   ane-1^'   ^7  which   the  bed  falls   away  fron  tho   horizontal   in 
this  direction.      The  amount    of   dip  :iay  also   be  neasured    in   tho    number    of 
foot   per  r.iilo   that   the  bed  falls    away  fron  tho  horizontal,      Tor   example, 
we  inay   say  that  the   DIP   of   a   bed   is    27°    i^-  direction  Northwest,    or   it 
nay  be    in   another   case    the   DIP   of   a  bed   is   45   feet   per  mile  in  a   direc- 
ticn Northeast, 

FAULTING 

Vi[hen   the  thrust  within   and   along   the  sedimentary   beds    is    applied 
3,lowly  and  over   a   long  tirae   the   rocks   nny   adjust    themisolves   to   the    thrust 
hj   slowly  folding  as  previously  describod.      In    some   cases   the   thrust    is 
more  active   and    the   rocks   cannot    fold  rapidly  enough   to   keep  up   with   the 
progress   of   the   thrust.       In    these   cases   they    are    apt    to  break  and   the 
broken   p.arts  move   over   or  against   one   another   till   the   required  adjust- 
m.ent   has   taken  place.      The    breaking   of    the   r;cks   -  with    the   resulting 
movement    is    called  Faulting. 

Faulting    is   frequently  associated  with  folding   and  the    charfActer    of 
the  fault   is    in  part  determined  by   the  part   of    tho    fold  with  v^hich  it    is 
i*-  associated.      For    instance,    it  has  been  noticed  that    the  beds   in   the    top 
of   an   anticline  arc   under   tension   and    the   bods    in   the    trough   of   a    syn- 
cline   arc   under   compression.      If,    then,    a   break    or   faiJlt  occurs   in   the 
beds   at    the    top    of    the  anticline,    tho  broken   ends   are    inclined   t_    pull 
apart   from  one  another.       If   a  breal:    ^'ccurs    in    the   beds    in    the   trough   of 
a  syncline,    the   broken   ends  wuuld  tend  to   push   past    each   other  and 
overlap. 

Following    is    a   description   ::f   a   number    ^f  terms  'vhi  ch  arc   applied 
to   features  of  faulting: 

Any  fracture    in   the  earth's    crust  wMch    is   acc:mpaniod  by  ro- veT::ont 
and  displacement   of    the  rock  on   one    side   of    the    fracture   relative    to    the 
other   side   of    the  fracture    is    colled   a  FAULT, 

The  FAULT   SUEFACE   is   tho  fracture    surface  along  7/hich  movement   takes 
place.      The   general  plane    of    this  surface  m.ay  be   called   the   FAULT  PLATTE. 
This   general  plane   may  be   perpendicular   or  may  be   al::iOst    horizontal,    but 
usu.ally   is   at  an  angle  somewhat    interi'iediate  between    these   two   pr.sitions. 

The   .angle  between    the   vertical   and    the   fault  plane    is    called   the 
HADE    of   the   f.ault. 

The   angle   between    the  fault   plane   and    the   horizontal  plane    is    called 
the  DIP   of   tho  fault.       In   this    country  wc  are   Fiore   used    to   speaking   of 
tho  Dip   of    the   f.ault,    rather   than  the   Hade. 
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As    in  the    case    of  bedding  the    STRIKE    jf  a   fault    is   in  the  directi:n 
of   its   line    of   emergence   on   a   h or i z on t a  1    3 ur f a c o , 

When  the   fault   surface    is   sl:;pinf,   there    are  possihle    two    typos   ,:f 
ncveiii.ent   relative    to   the    slope   and   twu  tj'-pes   of   fault   arc   recognized   in 
ccnsequenee.      These' tj^pcs    of    i.iovcr.cnts   and  the    nancs  applied   to   the  faults 
are   indicated  belorr, 

A  -   The    block   of   ground    on   top     uf   the    sloping   fault    surface  nay   slide 
down.      This   is    called  a  NORMAL  FAULT. 

B  -   The   block   of   gr.^und   lying   on    t;.p    of    the    sloping  surface  nay  be 
"       pushed  up   and  over   the    ether   block.      This   is    called  a  REVSI-iSE  FAULT. 
It    is   evident   that  tho. s   noveKicnt    is  a   result    ..f   tliro.st   and   the 
fault    is  also    in  the   class    of   THRUST  FaULTS.        ^^--^  ^..^x 
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The    terms   Normal  and  R-.      ""so  refer    to  the  miovement   up   or   doim   the 
fault    surface.      It  must  be   1.  ■_    :d,    however,    that  there    is    often   a  mo-^e- 
mcnt   along   tho   fault  plane   whioh  givos   the   bljck   some   displacement    in  a 
horizontal   direction   as  well   .:■  s  a    displacement    up    or  doi-m   the  fault  plane. 

The   displacement   along    the   plane    is    called   the   Slip. 

The    displacement   up   or   down   the   plane    is   the   Dip  Slip. 

* 

The   displacement    parallel    to   the   strike    of    the   fault  is    the 
Strike    Slip. 

The  vertical  component    of   displacement    is    called   the   THRO'?. 

The   horizontal    component    of   displacement    is    C':LLled   tho  HEAVE, 
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INTRUSIONS   im)   SXIRUSIONS 


In   ordinary  excavations    ^r    in  urdinary  wells    it   is   found    that   at   a 
depth  of  50  feet  to  50  feet    thu  teirpw^rature  remains   fairly  constant 
throughOTit    the  year.      A  good,    deep    cullar    is    cool   in    the   summer   time  and 
warm  in  the  vrinter   time,    ,and   the    temperature  varies   but   slightly  through 
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the  year.      A  ^7ell   of    the  depth   sUf_:£;-estud   has  T/ator  which   is    about   the   sar:.e 
teiTperaturo   throughout  all   soascns.      This    tor.ip.jraturc    is   abuut    the  sane 
as    the  average   tcnipcraturc   for   the    yorjr    at   the  place   where    the   uell   is 
located.      Above    the   dopths  mentioned   the   toiiipcraturc   t..nard   the    surface 
increases   in   the  su'nriier  and  decreases    in   the   v/intor    till    at   thu.   surfac-   it 
roaches    the   ordinary  daily  average.      At   and  bclo";  these   depths   there    is 
no   annua.l    variation  but  the  tLJuperatures   remain  constant   fro^m.  year    to 
year.      There   is,    howevur,    a  uniform  increase   of    teoperature   as   wq   go   to 
greater   depths  below  this    level,    that   is,    when  we   descond-for,    let  us    say 
100',    wo   find  that    the  ground   temperature   has   increased   1°,    and  in   the 
next   100   i'oet   there    is  again   an   increase   of    another    degree  and   so    forth. 
Til-   rate   of    increase    is   not    thu   same  over    the   whole    world,    nor  even   with- 
in reasonable    distances    does   it   remiain   the   same.       In  some  places   it   is   as 
rapid   as   1°    for   every   6o  feet   increase    in  depth,    or   it  rnj  be   as   low  as 
1°    for   120   feot   in   depth.      At   Eirkland   Lake    the   rate    of   increase   as 
noted  in   the  mines   is  about   1°    for   1£0    ft   and   in   the   Porcupine  district 
it  is  about    1°    for   200    ft.        increase    in  depth. 

It    is   evident   that    if  this  rate   of    increase    is   maintained,    we   would 
net   get   far   below  the   oartii's    surface  before   wo    would  encounter    terLper- 
atures   whiich   would  be   great   enough   to    cause    the   m.elting  of   any  of    the 
common  rocks   at   the  earth's   siorface.      Apparently   such   temperatures  do 
exist,    but   for  the  m.ost   part   the   rjcks    dc   not   melt  bvit   rem.ain   solid,    even 
at   these  melting  temperatures.       In   different   places   '.uid  at    different 
tim.cs,    however,    some   of   the  rocks   dc  melt   and   the   melted  rock  of  'ilagma 
(as   the   melted  rock   is   called)    migrates   about  witliin   the   earth's    crast 
with  a  fair   degree   of  ease,    ev^n   in   some   cases  appearing   at   the   s^'orface 
in    the   form   of   volcanic    effusions.      This    kind  of  iDOhaviour   on   the   part 
of    the   heated  recks   ,--:ives   us    two   probler.s   to    consider: 

First   -   Why  docs  not    all    the  rock  riolt   at   the    temperatures   which 
we   believe   are   high  enough   to  cause    it    to   i;:olt   at    the 
earth's   surface? 

Second  -  V/hy   is   it    that   at   so!:Le  places,    and  at   some    times    somiG 
of   the  rock  does  molt,  though  for  the   greater  part   of 
the    tir.e  and   in  most   places   it   remains   solid? 

It    is    roio^iTn   that   as  rac-st    substances  are   heated   they   increase   in  vol- 
ume or   expand  gradually  with    the      increase   in  temperature  until   they 
reach   the   melting  point,    and  when    thuy  melt   there    is    a   sudden    expansion, 
i.e. there    is   a   sudden   and  more  prono^iincod  increase   in  volume   as   thoy 
change   to    the   liquid   state.      A  few  s-ubstances   such  as   Ico,    Cast   Iron,    and 
Type  Metal  do  not    obey  the  latter   part   of  the    law,    but   most    other    sub- 
stances  -  rocks   included   -   do    obey    it  and  hence   to   m.elt  miust   suddenly 
increase    in  volum.e. 

It    will   be  remembered  that   the   increase    iii    teniperature  -    and  hence 
tendency   to  melt    -   is  reached  because   of    increasing  depth.      The    sar.e    in- 
crease     of   depth,    however,    also    incre.ases   the   load  and   hence   the  pressure 
on   the  rocks   below  so  that   with    increased  depth  and  tompcrature    there   is 
also  a   very  greatly    increased  pressure.      Now,    in   order   to    change   to  a 
liquid,    i.e.    to   melt,    the  rock  must   expand,    Hind    if    the    surrounding  pres- 
sure   is    too  great   for   the    expansion   to    take  place,    the  rock   will  not  melt 
at   that   temperature,      Tor   the  rock   to  melt,    thurefcre,    one    of    two    things 
must   take  place.      Either 
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(A)  the    temperature  niU3t  be    increased   so   that   even   at   the  great 
pressure  mentioned  the  rock  \7iii  melt,    or 

(B)  the   pressure  must  be   decreased    to    such   a   point   that   at    the 
given   temperature   the   rock  may  melt. 

It    is   probable    that   both    these  factors  are   important   in   tho  melting 
of  rocks.      In  some    cases    the   temperatures  are   incroasod  unusually,    in 
somio    cases   with  the   temperature   high  but  unchanged   tho   pressures   are   de- 
creased  and   in   some    cases    the   temperatures  are    increased  and  the  pressures 
arc   decreased  at  the   same    time.      T/c  nay  here  note  hov;   these   changes   in 
temperature   and  pressure  m.ay  take  place, 

A.    Increase   in  Temperature 

(1)  It   appears   that    in   all   rocks    there  ari.   present   some  radio  active 
substances   and  these    substanc^i^s   arc    constantly  giving    off  energy,    to  bo 
absorbed   in   tho  rock   in   vhich  the   radio   active   substance   occurs,      Somo   of 
tho   energy  may    be   tenporarily  transferred   to    other  radio    activity  but 
ultimately  most   of  the   energy/  is   transf orrned   into  heat,      Blarxketted  under 
thousands   of  feet   of    cover   the  rock   is   unable    to   lose   this    heat   ns  fast 

as   it   accumulates   and    in   consequence    the  rock   gc,ts   hotter   and  hotter   until 
at   last    it   reaches   a  tem.perature   high   enough   to  make    it  m.elt    even  undur 
great  pressures, 

(2)  If   a   strip    of   lead   or   a  tough   v/ire    is    taken  between   the    fingers 
and  bent  rapidly  back   and    forv/ard   in   an    attempt    to   make    it  break,    it   will 
be     noted   that   at   the  place   of   bending   the  wire  will  become    so   hot   that 
the   fingers  may  be  burned   if    they   come    in   contact  with   that  place.       If 
the   bending   is    slov:   the  heating  effect   ttIII  not  tu   so  noticeable,    but   the 
reason  for   this   is   merely  that   the   heat   formed   by   one  motion  has   time   to 
escape   before  the  next   heating    effect   takes   place.       If   the   heat    is  not 
allowed   to  v^scape    the   temperature   will    rapidly   increase.      It  may  be  re- 
called  that   in   the  adjustment   of    the   rocks    under   thrust   there   was   a  groat 
bending  movement  which  wo   called  folding.      This  bending  movement  must 
have  created   a  great  deal    of  heat   generated    to   accumulate  v/ithin   this 
rock   or   to   radiate  tov/ard  the   rocks   adjacent   to    it.      As    in   the   previous 
case,    a   very  heavy  blanket    of    other  rocks    v\fculd   inhibit   its  radiation   to 
the  surface   and  with   the  accumulation   of   heat  within   itself   its   own 
t^^mperature   would  increase.      If   the    original    ten:poraturc   were   near   the 
melting  point   for  this   depth   and  pressure,    then   the    increased  Temperature 
might  be    just   sufficient   to  cause    fusion   or   malting, 

(3)  The  gradual   rise    of  temper atuire   as  we   go  deeper    into    the    crust   of 
the   earth   indicates  that   there   must   be   a   constant  flow  of  heat  from  the 
interior   of   the  earth  to   the   outside.      In  most    places   in    the  earth's 
crust,    and   probably  in  nearly  all  places   for   the   greater   part   of   geolog- 
ical  time,    the  outflow  of   heat   from  any  given  point   tov/ard   the   surface   is 
just   equal    to    the    inflov:   from,  below,    and    the    temperature  at   this   point  re- 
mains   constant.       If,    however,    there   wcr^^    at   any  time  an   extra  blanket   put 
above   any  layer   of  rock   at   any  time,    this   would   act   as   an  insulator  and 
would    slov;   down   the  transfer   of  huat    to    tho   outside,    while   the  saViO 
BFiOunt   of   heat   as  before   would   flow   into   the  given   layer   fror^  below. 

This   would   bring  about    a  building  up    of  heat   in   this   layer   and  the   teruper- 
ature   of    tho   rock   would    increase   -   probably  to   the  rnxolting  point.      A 
situation   such  as  this  mxust  arise  wherever  a   thick  blanket   of  sediments 
is  laid   down  upon  rocks   which  are  already  highly  heated,    and  m.ay  be  almost 
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ready      to   r;.elt.      We   must  reiier.ber,    of   course,     ishat    the  addition   of   the 
thick  blanket   of  sedinents   will   not  only   serve  as  an   insulator    to    the 
rocks  beloTJ  and  hence   increase    their   temperatures,    out   will  h1  so    add   to 
their   load   and  thus   increase    the   pressure  upon  them.      The   latter  factor 
will   tend   to   Increase   the    temperature  at   v/hich  they  can  m.elt.    The  addit- 
ion  of  the    sediments    then    acts   in  one   way   to   increase   the   temperatuT'O   of 
the  rocks  with  a    tendency   to   make    them  melt    and,    on   thu   oth-sr  hand,    to 
increase   rlie    pressure   upon  them   mth  a   tendency   to  make   them,   stay   sclid. 
The   sedimentary  rocks    are,    however,    relatively  bulky,    v/hich   tends   to 
increase   their   weight,    but   increase    their   insulating   effect  relative    to 
other   rocks.      Hence,    it   must    occur   that    in  many  cases   the   increase   in 
pressure    is  not    able  to   offset    the    effecc   of  the   increase    in   temperature 
due  to   the   blanlietting  factor,    and   in  such    cases    the    increase   in   tem-per- 
atiore    is  able    to   cause    the   rock    to   melt,    in  spite   of    the   great   increase 
in  pressiaro    in   the  rock  liiass  above, 

B.    Decrease    in  Pressure 

In   discussing   the   features -of   folding,    it  was   noted   that   the   tangen- 
tial  thrust    in  the  earth's    crust  would    cause    some   sections  of  the   beds   to 
be  bent   upward  -   mth  a    corresponding   do\7nward  bending   in   the   alternate 
sections   -   the   anticlines   and  synclines   of  the   folds.      Before   folding   the 
beds   distributed   their   load   and   the    load   of  all  the   rock   above  theri  uni- 
formly over  the  rocks  below   theru      After    the   folds   were   developed,    however, 
a   great   deal    of  this    load  was   lifted   off   tlie   areas   underneath   the   anti- 
clines  and   added   to   the    areas   underneath   "che    synclinal    sections  where   the 
load   of   the  anticlinal   arch  was  borne.      If   thu   tem-pcrature   of   the  rock 
beneath   the  anticlinal    arches    is   near   the   molting  point   for   the   original 
pressure,     then  the    decrease   in  prussurc  may  be   sufficient    to   pormxit   thj 
rock  to  mielt   and  as    a  magma   tc   begin   to   rise   underneath   the  uplifting 
anticline.      The  greater   the   height    to   which    it  rises,    the   less    wJll  be 
the    load  above    it,    and  hence   the   greater   tbe    possibility  of   its  remaining 
a  liquid,    even   though   the   temperature  may  be   lOTTered   at    the   higher   levels. 

At    this  point   there  may  aris^j    the   question   "¥/hat    causes   this  melted 
rock   to  rise  and  follow   the   rising  anticline?"      It    is    to    be  noted  that   the 
bases   of  the  anticline    (the    sjaiclinel    sectiojis)    are   bearing   down   on   the 
rock   beneath    them  with  an   increasing  load.      The  melting   point    of   this   reck 
is   therefore    increased  and  there   is  no  possibi_ity  of   it  becoming    liQuic.. 
But,    although   it    cannot   melt,    there    is   stilj    a   possibility  that    it   may 
move  without  melting.      Under   gr^at   prcssur^^s   rock  m.ay   deform  and  may   try 
to  escape   from  the   point   of  greatest  pressure  vrithout    ever  becoming   liquid. 
As   an   example   of   this,    lot  us    consider  a    common  substance   such  as  paraffin 
wax.      Let  us   take   a  slab    of   this  wax  ajid  place    it   between   two   boards„ 
On   top   of  the  upper  board  let  us   place 'a  very  heavy   weight   and  then   go 
away  and   leave    it   under   this  weight   for  several   days    or   weeks    if   necessar:,". 
On   our   return  Yie   will  find    that  the  \.-ax  -  without   m.elting  -   has   squeezed 
downward  below  the  weight  and   outward  at    the   edges    of  the  boards    to 
escape   from,  the  place   where  the  pressure    is  groat   to   where    it    is   much 
loss.      All  of   this   it    is    to    bo  not^d  has   happened  without   any  malting 
having  taken  place,    that    is,    given    sufficiunt   time   the    solid  m.ay  flo::  - 
as   a   solid   -   froja  place    of  great   pressure    tc  place   of   less  pressure. 

In  the   same   way  the    solid  rock  under  th^   svncline    is  responding   to 
the   increased  load  placed  upon   it  by  thLO  arching   of   the   folds   and   squeezes 
outward   to  v;horc   the  urossure  m^ay  be   less.      To   the   sides   of   th^.   s:7nclinc    - 
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under  the   anticlins   -    the  pressure    is  much   less  and    to    these   places   the 
solid  rock   is    pushed.      Here    it    creeps   under   the  melted  rock  which  has   al- 
ready liquefied   under  the   relief   of   pressure   as   noted  before.      But   the 
new,    solid,    rock   -   also   very   hot    -   in   its   turn  responds   to    the  relief   of 
pressure   under   the   anticline  and  also,  melts,    pushing  up    the  rock  already 
melted  ^bove    it.      In  this   v/ay   the  rock  under    the    synclines   is   being 
squeezed   toward   the   anticlinal  areas  r/here    it   melts   and  moves  upward   to- 
ward  the  arch    of   the  anticline.      Hence,    as   long  as  the   thrusting   and   fold- 
ing  continue  the  rock  may   continue   to  migrate   from  beneath   the   synclines 
to   positions   beneath  the   anticlines   v;here    it   may  melt  and  move  upward. 
When  the   thrust    is   exhausted   the  uplift   of   the  arches    ceases,    pressures 
are  again   equalized,    and  the    upward  migration   of  the  raagm.a   is  halted. 


It   is   not    to   be  understood  that   under   every  anticline   there    is    to  be 
found  molten  rock  working  its  way  from  the  greater  depths   towards   the 
surface.      It    is   only  v/here  the  rock   beneath   the  folding   area  had  already 
approached   the   critical   temperature   of  melting  that   the  added  heat   of 
folding  and  the  relief   of  prossuro  under   the    arches  would  permit   melting 
and  the   subsequent  migration  of   the  magma  or  melted  rock  upward   in   those 
places. 


^->     if     ^ 

+■     '         T.  T~         -i 

From   the   foregoing  discussion   of    the  factors   that  tend  to  bring 
1   about   fusion   in  rocks,    it    is    evident   that   increase    in  temperature  may  be 
'   brought  about   by    (a)    a  blanketting    of  heated  rocks   by   the   addition   of 
sedimentary   load  above   them,or(b)    by  a   development   of   folding   in  the  area 
adjacent    to    them,    and  that    ( c)    a   decrease   in  pressure   may   be  brought  about 
in  the  anticlinal   sections   of    the  folded  areas.      All   of  these  factors   arc 
characteristic    of   the  regions   of  the   earth  whore   the   debris   of   the   conti- 
nents  are  piled  up  on  the  ocean  floor,    and   it    is   interesting   to  notice 
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that   the  regions  of   folding  and  faulting   arc   also    in  many   cases    the  reg- 
ions where  magmas   arc  developed  and  whore  volcanic   bolts   occur.      There 
may  be   other  factors   in   operation  as  well   as  the    factors   of  loading  and 
folding,   but   in  any  case    the   effect  of  these  latter  must   be  very   import- 
ant  contributors   to    the  melting   of   the  rock. 

In  the  preceding   discussion  of    intrusions  and  extrusions  much  atten- 
tion has   been  paid  to  the  effects   of  loading  and  folding   in   the   sedimenta- 
tion belts   of   the  earth's   crust,   but   it   must   not  be   concluded   that   the 
fusion   of   rocks  and  the  migration  of   r.iagmas   does  not   feiccur  elsewhere.      It 
is  thought   that  the    insulating  effects  of    the    continents   as  a   whole   do 
permit,   from  time   to   time,    sufficient  accumulation  of   heat  underneath   them 
to   cause   the  very  deep  seated,   basic  rocks  to  melt   and  the   liquid  rock   so 
formed  -   or  part   of  it   -  may  find   openings   extending   to   the   surface   over 
which   it  may  flow  in  enormous  quantities.      The   overflow  or   other  migration 
of  the  melted  rock   permits  the  escape   of  the    accumulated  heat  and  the 
underlying  rocks  nr^-  again  cool   to   the   temperature  of   solidification. 
Such  meltings,   migrations   and  overflows   occur  at  various  places   in   the 
earth's    crust   v/hich  do  not    seem  to   have   any  apparent  relationship   to   the 
continental   margins  or  to    the  zones   of   folding. 

It  may  be   that   in   its  movement  upwards  the  rock  never  reaches   the 
surface,    but   comes   to  rest   at  great  depths  ?/here    it    cools   slowly  and 
solidifies   in   the  form  of   large   domes  and  ridges   which  may  be   only  exposed 
at  the  surface  after  long  ages   of  weathering   and  erosion  have  removed   the 
strata  v/hich  originally   covered  them.      These   domes   of    igneous  rock  with 
an  indefinite   and  unknown  base  are   kno\7n  as  BATPIQLITHS.      The  rocks  which 
form  batholiths  are  usually  of   the  granitic   or  acidic   type   and  the   texture 
of   these   deep   seated  rocks    is  granitoid. 

In   some  cases  the   magma  may  reach  the  surface   and  ultimately  break 
through   to   pour   out   as   I^vas   from  the   opening    that  the  upwelling  rock  has 
made.      The  outflowing   lavas   tend  to  pile   up  around  the  vent   and    so  build 
up   a   conical  mass  of   solidified  m^agma.      From  the  centre   of    the   cone  more 
molten  matter  may  from  time   to  time   be   erupted   to  add   to   the  mass  already 
accumulated.      This   structure   is   called  a  VOLQANO, 

The    shape    of  the  volcano   and   its  behaviour   at   the   time    of   eruption 
are   determined  largely  by  the   character  of    the   magma  which   is  being 
emitted.      Magmas  of  the  granitic   or   acid   typo   arc  rather  viscous   and 
hence   have   a   sluggish  flow.      They  also    have  a   large   amount   of  water   and 
other  gases   in  their   composition  which  at   the  great  pressures   of  depth 
are  an   intimate  part   of  the  general   solution  of   the    silicates    (felspars, 
ferromagnesi  ans  and  quartz).      When  the  magma  rises   to   the  surface,    however 
the   pressure    is  so  reduced   that   the  superheated  water  tends  to  expand  as 
steam  and   to  escape  from  the   solution.      The  viscous   nature    of  the  magma. 
however,    prevents   easy  escape   and   in  consequence   the   7:hole  upper  part   of 
the  magma,    at   or   near  the  surface,-   often   explodes  with  great  violence, 
blowing  away  the  adjacent  rocks  and  disrupting  the  m.agma    itself   into   an 
infinite  number   of   particles.      These   particles  may  range    in  size   from 
masses   of  molten   lava  a  foot  and  more    in  diameter   to  blebs   of   an  inch  or 
so  down    through   drops   and  droplets  to   the  finest   lava   spray.      These  part- 
icles may   chill   in  the  air  and  later  fall   as  BOIvIBS  -   the   larger  masses, 
LAPILLI   -    the    drops   and  droplets,    and  DUST   or  ASH   -   the    solidified  spray, 
some  of  the   dust  may  be   so  fine    that    it   may  remain   in   the   air  for  days    or 
even   years.      The  greater   part   of  the  dust   probably  falls  within  a  few  days 
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of    the   explosion  and  the    amount    of   dust    is   often   so   great   that   it   may 
pile   up    to  a   thickness   of  many  feet   in  the    area  surrounding  the  volcano 
and   this    area  may  extend  to   more   than    one    hundred  miles   from  the    source. 
The  dust  may  fall   either   on   the   sea  directly   or   on  the   land   from  which 
it    is   ultimately  washed   into   the   sea.      Mingled  with   the   finer  dust    - 
especially  near  the  volcano   -   will   bo   a  number   of  larger   fragments  which 
have   boon   blown   far   enough  awciy   to    mingle   with   the   finer   air-borne   dust,. 
This   accumulation   of  volcanic   dust   when   solidified  into  rock   is   called 
TUFF.      The    tuff  is  generally  more   or   loss    stratified  and   is  usually 
characterized  by   the    inclusion   of    some   of  the    larger   angular   fragments 
in   the  finer-grained   groundmass  forrxcd   fromi  the   fine   dust. 

Following   the  first    explosive  activity  tho  magma  may  well    over  the 
lip   of  the    opening   in  a  more  gentle  fashion.      Much   of  the    steam  and  other 
gases  iTiay  escape    in   the   explosive  m.anncr  already  mentioned,    but    in  raany 
cases   there    is  left   in  the  magma   an  enornous  mass   of  gas  which  expands 
more   gently   in   the  magma   as  the   lava   pours    forth.      The   intimately   dis- 
seminated gas   expanding   in   the  viscous   lava   swells    it    into   what   is 
practically  a   lava  froth  and   as  such   it   flows  frori  the   volcano   to   later 
freeze   or   solidify  as  a  rock   froth  which   we    call  PUMICE.      Vflien  m.ost   of 
the   gas  has   escaped  from^  the   lava  below  the   latter  may  continue   to  well 
up   and   overflow  to  form,  lava  sheets  which  when  solidified  form  rocks 
which  we^'linow   as   rhyolite,    trachyte,    andesite   or    basalt   -   according    to 
the  mineral   content   of  the  magma  from  which   they  v/ere  derived.      The  more 
basic  of   these   lavas  rarely  have    the  m.ore   explosive  phases  which   have 
been  described  above   and  which  find   their    cause  m.ainly  in   the   viscous 
nature   of  the  acid  type   of   lavas,    in  addition,    of  course,    to   the  large 
amount   of   gases  which   they  may   contain. 

On   account    of   this   viscous  nature   of  the  acid   lavas   they  tend   to 
fllrw   sluggishly  and  hence   to  pile   up   about   the  vent  of  the  volcano   in 
very  steep   cones.      On  the   other  hand  the   basic  magmas   tend  to   melt   to   a 
liquid  which  flows  much  more   freely  than   tho    acid   type.      On   account    of 
the   lower  viscosity  of    these   basic  magmas   any  gases  that   are   present  nay 
expand  and  escape   fairly  freely  and   hence  when  the  r^agma  reaches   the    sur- 
face  to  overflow   it  usually  escapes  without    the  violent   explosive   activ- 
ity  of    the   acid  type    of  volcano.      Furthermore,    since    it   flows   so  freely, 
it   does  not    pile  up   steeply  about  the  vent  but   spreads  rapidly  away   from 
the    outlet   to   form  a  low  and  gentle    cone. 
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Vesuvius,    acid 
type   of  volcano 


Mauna  Loa  v/ith  Vesuvius   dravni 
to    same    scale    (at   left) 


In  the  preceding   paragraphs  we  have  been   considering  those  manifes- 
tations  of   magmatic  migration   in  which  the  magr.a   has  made   its   v/ay   to    the 
surface   to  break  forth  and   overflow  as   a  volcano.      This  volcanic  activity 
is  very   obvious    surface   manifestation  of  the  melting  and  movement    of  the 
rock  from  below  and   the    surface  manifestation   is   c  ontemDorancous  with   the 
period  of  melting  and  migration  of    the   rock   at   depth. 
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It    is    probable    that   a.lthough   this    surface   volcanic  activity   is    so 
obvious,    it   represents   only  a  very   snail   fraction  of   the   novenent    of    the 
igrieous  rocks.      Far   below  the  surface  and  at   the    other   extrerve    are   those 
masses   of   magma  which  migrated  but   a   short   distance   from   their  place    of 
melting  into  the  arches   of  the   uplifted  rock   which   overlay    then.      Thsre, 
on   the    cessation   of   the   earth  novenents   which  gave    them  birth,    they   stag- 
nated and    cooled  an.d    solidified   to   form    the    BATHOLITHS   already  mentioned. 
The  rock    in  these  batholiths,    it   has   been  no-cea,    is   nost  frequently   of 
the  granitic   or   acid  type.      The   acid  magna   is  viscous  and   sluggish   in   its 
movements   and   hence   does   not   move  fr3ely  or   flov/  readily    into   sm.aller 
openings   at   great   distance   from  its    source.      The  more   liquid  raagm.as,    how- 
ever,   may  migrate    considerable    distances  from  their   sources   and  may   insinu- 
ate  themselves   into  small    openings   which   would  resist   the    entrance   of   the 
more  pasty  acid  magma.      Thesn   basic.    miClten  rocks   m_ay   come   up   from,  below 
in  fairly  narrow   cracks    in  the   earth  I's   crust   and  at   some   point    in  the 
higher    levels  miay  be   able  to   li-^t   up   the   whole   of  the   upper   layers   of 
locKs   aid  at   this    level  unaer   run  that},  for   great   distances   on  either    side 
of   the   crack   up  which    chey  have   ]-:3erL  welling,.       In   this  way    the  magma   acts 
as   a  lir^.uid  wedge,    thrusting   itself   laterally  fromi  its  vertical    channel 
and  forming  an  injected   la;^'ei'    of    ,Tiolten  rock  between   the   tvro   layers  of 
rock  which  it    has   spread  apart.      This    layer  may  extend   outwards   on  all 
sides   of  the  source    channel    or    on  cn^j    side   only.      It  may   be  relatively 
thin   or    it  miay    spread   the    older  rocks   very  widely   apart  and  be    of   great 
thickness   as   well   as   of   great   lateral  extent.      On   the   other   hand,    it   mLay 
merely  dome   the  rocks   above    it    v/ithout    spreading  -v^^ery   far   on  either   side 
of   the  vent    which    carried    it   up    from  below,    so   that  the   resultant   form 
has   a   flat   base   and   a   fairly  scooply  domed   top.      These   molten  masses 
solidify   quickly   since   the    layers   are  relatively  thin   and   the    colder  rock 
into   whicli  thoy  have/injectod    themselves   soon   absorbs   thoir   heat. 

The  main  vortical    (or  nearly  vortical   channel)    which   carried  up    the 
magma  may   continue   up   to   th'i    surface   near   which   it  :i\a.j  bo   arrested  or 
^hero   it  may  break    through    to   form   a  volcano.      In  addition  to   this  main 
vertical   channel  there  may  be   si. abler   and   minor   vertical    channels   arising 
from  it   or  given   off   from  some    of   the   lateral   i:diections   below.      The  ;nagma 
in  these   vertical   channels,    as   in  the   horizontal   layers,    chills    and 
solidifies  fairly  quickly  to  form,   solid  v/alls  of    igneous  reck  running 
through   the    older  rocks  which    they   transgress. 

Through   weathering    and   erosion   the    older  rocks  vfhi  ch   lay  above  and 
around  these   injected  rocks   laay  ultiiitately  be  removed  and    Che    intruding 
rocks  m_ay   be   exposed   or    revealed   at  or   near  the   surface   of   the   earth. 
According   to    the  manner   of  the    intrusion   and    the   form.  ?;hich   the   magma  has 
assumed  on   cooling,    different   nam^os   are    given   to   different   injected   bodios 
although   all   of   them  may  be   from   the    sam.e   magna  and   of  the    same   type   of 
rock. 

The   vertical   walls   of    injected  rock,  v/ith   great  horizontal 
length   compared   to  their   vddth  arc    called   DIKES. 

The   horizontal   bodies   with  great   lateral    extent    compared   to 
their    thickness  are    called  SII,LS. 

The  miore  restricted  bodies   of    intruded  rock   spreading  out 
horizontally  at   the   base   but    domed   on   the  upper    surface 
are   called   LACCOLITHS, 
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L-.Tgc  bodies   of    igneous  rock    in   the  forr.i  of   doracs    or  ridgos 

with  r.ji    indefinite  r-j-A  unloiorm  "base   are   called  BATHOLITKS, 
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We  raay  now   surartarize   tiie    different   types   of  rocks   formed  b;v    the 
freezing   or    solidifying  of   the   raf'-as   at   different   places   -   at   the    sur- 
face   or   at    different   depths    und^r   the    surface. 

A.  Extruded  at  the   surface. 

B.  Intruded  below  the   surface    into  narrow  oaonings   with  walls    close 
enough   to   cause   fairly  rapid    cooling  but   not   as   rapid   as   in   the 
case   of   lavas    at  the   surfaco. 

C.  Cooled   at   great   depths    in  large   bodies   where    cooling  vras  very 

prolonged  and  the   crj^st'ils   for  nod  very   slowly. 

^  ^  ^ 

Extrud'^^d  at  the  surface 


(1)    Fron   the   explosive  type    of   volcano   the   bor.:bs,    other   fragaonts 
md  fine    dust  may  accwQulate   to  form   a  rock    coinposcd   of   irregular   frag- 
ents   of  volcanic   origin   mid  of  various    siz-^s.      This  rock   is   called   an, 
.GGLOIvIERATE. 


(2)    The   fin-^r   dust   with   occasi  on.-l    fr-g.  ;v.nts    of  different   sizes   which 
ave   dropped   into    it    is   called   TUTT.      It   is    probable   that  lauch   of    the 
aterial   in  the   tuff  has  .fallen    directly    into   the   water   or  has  fallen  on 
'he  land   and    is   latur  v;ashed   into   th-...   v;c:t^,r    to    be   dopes itwd  th^^re,      Thu.-: , 
LUch   of  the    tuff   that  wc  now  find   is  really   v/ater   laid  and  hence,    although 
t  is   a  rock  whoso   fragments   v;ere   of   iniaodiate  volcanic   origin   it  was,    in 
any  c.ases,    really  deposited  as   a   sediment. 


26. 

;J)    In   lavas   of   the   acid   t:/pe   the    dissolved   gases  may  expand   just   as   the 
liquid  rises    in   the   neck   to    overflow  -   not   A^iolently  enough   to   cause   an 
explosion  "but    with    sufficient   expansion   to   cause   the  whole  lava   to   ex- 
pand  into   a   floydng  lava   froth.      On    cooling   this   forms  a   rock  froth 
called  PUmCE. 

(4)  At    the    overflow   the   rock    solution   or  lava  raay   lose  most   of    its 
gases  and   then  be    cooled    so  rapidlj''  that   the   minerals  have  no   opportunity 
to  gather    themselves    into    ci'ystals   of   even  the   finest    dimensions   and   the 
frozen  lava   is    just    the   same  as    the   completely  liquid    lava  viith   the 
exception    that   it    is    solid    instead   of  liquid,    that    is,    it    is   a   solid 
solution   of   the   lava   and   is    called   a   GLASS   or    OBSIDIAN. 

(5)  When   the    lava   overflows   in   larger   sheets   and    cools  more    slov/ly  the 
crj^stals   may   begin    to  form  and    to   grow  throughout    the   mass.      Some    of    the 
crystals   may  have   had  an   uarlier    start    in   their  forming    ( the;^   may  havu 
i^ven   begun   in   the  neck   of   tho   volcano)    and   th^SL    crystals  ?;ill  b :.    scmu- 
what   larger   than   the   general    mass    of    crystals    in   the   solidified  rock. 

Since   lavas    of    the    type    ( ^)    above    contain  recognizable   cr:/stals    they 
iriLiy   be  related   to   their   deeper    seated  relatives  and  are    called  RHYCLITE, 
TRACHYTE,   AWDESITS,    or   BASALT  according   to    their  mineral   composition. 
Tieir   I'elationships  will  be   notud    in   the    table    to  follow. 

In   most    cases    the   lower   part    of   the   lava   flow   will  have    cooled  more 
slowly   than   the  upper   ^art   and    the    crystals   in   this  part   will  be    coarser 
than    in   the   lava   above.      In  addition    to   this   difference   the    gases    Y\rhich 
have   escaped   from    tho  lovfer    and  hotter   part   of    the   lava  may   becoine  on- 
'crapped  near   the   surfacu    giving   a  vesicular  appearance    to  lava  n^-ar    tho 
surface.      This    irregular   tuxture   of    the  upper   part    of    the    flovi   is   ac- 
centuated by   the  ragged  and   broken   top   form.ed   by  tho    flov/ing  and  br,.aking 
of   the   freezing  surface. 

B,   Rocks    which  as  magmas   were    injected    into  relalr.ively  narrow  openings 
and   chD-led   to  form-  sills  and   dikes,.  "~~ 

In   these   cases   if    the   opening   is   very  narrow  the  magma   chiile  very 
quickly   throughout    and   the   crystals    do   not   have   time    to  grcv;   to    -my 
great   size,    so    that  most   of    the    crystals    of   the   rock  are    s:':all.      In   some 
cases,    however,    there   are    some   of   tlie    crystals    that    seem   to  have   had   an 
earlier   start    in   their  formation  and    these   may  grow   to   larger 
The  resulting  rock  will   show  a   number   of  larger   crystals    embei.i....  ■    mi   a 
mass    of   smaller    crystals.      This   texture    is    1-oiomi    as   the   porphyritic    text- 
ure and   the  name  PijELOCRYST   is   used    lo   designate   the   larger  and    better 
formed   crystals   usual Ty  isolated   from  each   other   and   embedded   in    the 
general   ground  mass   of    smaller    crystals.      The  names   of  the   rocks   which 
have   been  formed  under   these    circunstances  have   been  given   in    the    table 
on  page   8   of   these  notes  and  will  be    r^reat^d   in   a  table   to  follow. 

It  miay  be    thought    that   the-   description   of    ':he    textiore   of    the   por-^li- 
yritic  rocks   as   given   is   very  similar   to   that   of    the  lavas   of   "A."^"   above 
and   that    there   might   be   difficulty   in   distinguishing   these   rocks,      m 
seme    cases   this    is    so   but   usually  the  larger    crystals   of   the   lavas   have 
been   so   corroded  by   the   heat   and  the  rough   treatment    of   the   flowing  lava 
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that  they  have  lost  the  clean  cut  outline  which  is  usually  characteristic 
of  the  phenocrysts  of  the  porphyritic  rocks. 

In  some  cases  a  sill  or  dike  raay  be  so  large  that  the  magma  at  the 
centre  may  he  unable  to  lose  its  heat  very  rapidly  and  hence  cools  so 
slowly  that  its  crystals  grow  just  as  in  the  deeper  seated  rocks  and  the 
rock  at  the  centre  of  such  a  body  has  a  granitoid  texture,  which  grades 
through  finer  and  finer  textures  to  the  walls  of  the  intruded  rock  at  tho 
contact  with  vifhich  it  may  oven  form  a  thin  margin  of  glass.  An   example 
of  this  is  indicated  in  the  sketch  below. 
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C.  Rocks  Y/hich  were  formed  by  the  cooling  of  very  larf^o  masses  of  magma 
at  great  depths.   Owing  to  th'^ir  largo  masst^s  and  to  the  great  cover 
over  them  those  magmas  cooled  very  slowly  and  as  noted  before  formed  rock 
of  granitoid  texture.   The  names  of  those  rocks  ar^^  noted  in  the  table. 


Mineral 
Con.posi  tion 

Q,uart2,  ) 
Orthoclase) 
Hornblende) 
or  Biotite) 

Orthoclase) 
Hornblende) 
or  Biotite) 

Plagioclase) 
Hornblende  ) 

Plagioclase) 
Pyroxene   ) 


Intrudv-d  & 
cooled  at 
great  depth 


Granite 

Syenite 
Diorite 
Gabbro 


Intruded 
into  narrovj- 
channels 


Q,uartz  Porphyry 
Granite  Porphyry 

Porphyry 
Syenite  Porphyry 

Plagioclase  Porph. 
or  Porphyrite 
Diorite  Porphyry 

Diabase 


Lavas  poured  out 
at  the  surface 


Rhyolite   Obsidian 


Trachyte 
Andes ite 
Basalt 


Obsidian 
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Yi/e   may  nov/   consider   some   of   the   factors    involved   in   the    solidifica- 
tion  of    the  magmas    to  form  rocks  and   to   note    some    of   the  products   or   by- 
products  of    the   freezing  which   do   not    always   appear   in   the  rock   itself. 
Before   proceeding  with  this   discussion   v/e  may  diverge    to    consider   for   the 
purposes  of    illustration  the   behaviour   of    some   artificial   rocks   of   our   own 
manufacture. 

Let  us    take   first   some   common   salt,    compacted    to   form  a   rock   like 
Niass,    and   heat   it   gradually  in  an    attempt    to  melt    it.      We   would   find   that 
we   would   have    to   heat   it    to   a  very  high   temperature    (about   1^00°    Fahren- 
heit)   before   it    would  become  liquid. 

If   vre   V7ere    to  make    our  artificial   rock   of    common  granulated    sugar 
and  repeat   the   experiment    we    would    find    that    at   a   much  lovrer    temperature 
(about   5^0°    Fahrenheit)    the   sugar    "rock"   would  becom.e   liquid. 

Let    us  now  make   another  rock  -    this    timie    of   about    equal   parts   of 
salt   and    sugar,    finely  ground  and    intim^ately  mixed   with   each  other,    and 
compacted   to   form  a    solid  rock.      Let   us   heat    this  rock   as   we   did   the   others 
in   an   attempt    to  melt   it.      At   about   5^0°    the    sugar    in   the   rock  will   have 
m.elted   and   the  probability  is   that    in    this  melt    some    of  the   salt  ".vill 
begin    to  be    dissolved   so    that   long  before   ?je  have  reached   the    teiiperature 
of   1^00°     (the  iTielting  point    of   the   salt)    all   the   salt   ?dll  have   been    dis- 
solved  and  we    villi  have    a   complete   melt   or   solution.      In   this   case   the 
presence    of   one   substance   has  helped   to  'oring   the    other    into   solution   or 
to   melt    at   a  temiperaturo   well  below  its   own  t'lelting  point. 

If  we   77ere  next    to  add   even   a  very   small  amount    of    ico    to   the    salt- 
sugar  rock,    and   then  heat    the  mass  until    it   was   all  mclt'^d,    wc   would  find 
that   the  melting   tenperature    was   lowered   still   further.      The   three    sub- 
stances  have    interacted   ¥/ith  each   other   to   help  bring   each    other,    and 
hence    the  whole  mass,    into   solution   or    to  melt, 

Simiilarly    in  rocks   the   presence   of  different    minerals  helps    i:o    lower 
the   melting  point    of   the   v/hole   mass   and    if    in  addition   to  the   sili'^afce 
minerals    (quartz,    felspars   and   f erromagnesians)    v/e   have   also   some   other 
materials   such  as   water    (steam?)     carbon   dioxide   and   other   gases,    the  melt- 
ing point    of   the   magma  will   be    still   further   lowered. 

In    the   preceding  pages   in    our   discussion   of  rocks    vre   have   co:i3iderei 
only  those   minerals    ?;hich  were   present    in  m.ost    abundance   and.  ?/hoso  presence 
determined   the    character   of  the   rock   -   namely  Quartz,    the   Feldspars   and 
the  Ferromagnesian   minerals.      In   the   original   fluid  magma   there  were, 
however,    a   number   of   other   constituents   which  r:iay  now  be  mentioned. 
Nearly  every  magma  or   hot    solution   of   the  rock   contains   a  greater   or  less 
amount    of  water,    probably  from  one   percent    to   five    percent   or   more.      The 
present    solid,    deep    seated  rocks   are   laiown   to    contain   even   this  much,    but 
the   amount    that   escaped    in   cooling    (or   that   may  have   been  added   afterv/ard) 
we    do  not  know.       It    is   probable,    however,    that  th^^   rock   lost  more    in   cool- 
ing  than   it   has   gained   since   and    that   tho    water   in   the   magma  7/as  much   in 
excess  of   the   water   that  we  no?/   find   in  the    solid   rock.      In   addition   to 
this   v/ater    (or   steam)    in    the   magma   there   aru   usually   a  number   of   other 
gases   -    carbon   dioxide,    sulphur   gases,    chlorine   gases  and   so    forth.      ?.i0st 
of   these   gases  probably  helped    in   the    solution   of  the    silicate  minerals   so 
that   the   temperature   of  melting  -   and   hence    also   lat^r   of   freezing  -   would 
be  much  lower    than   if   they  had  not    been   present. 
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3osiles   the   gases   and   the    silicate   minerals   there   are   usually  in   the 
magma   small   amounts    of   other   elements   or   minerals.      There  may   be    a   great 
variety   of   these   other   substances  present,    but   ve   shall   here  mention   only 
a  few  in   which   v;e  may  later   be    interested.      Some    of  these   elemen-s   arc: 
Copper,    Gold,    Molybdenum,    Silver,    Sulphur,    Tellurium,    Tin,    Tungsten,    and 
Zinc.      Thoru    aro   still   oth^jrs   which  wg  may  need   to  mention   later,    but 
those   '.Till   servo   for  purposes   of   illustration  at  present.      Lot    it   again 
bo   emphasized   that  when  those    elements,    or  their   compounds,    ar^   present    in 
a  ffiagma   they   arc   usually  present   in  very  very   small  amounts,    usually   i i 
the    order   of   the   smallest   fractions   of   an  ounce   per   ton   of   magmia    or   _ock. 

Lot  us  now  not^j  that  the  magma  may  contain  the  following  groups  of 
materials: 

(1)  Silicate  minerals  -  such  as  quartz,  Feldspars,  and  Ferromagne  'ian 

minerals.   Th<^se  manerals  make  up  nearly  tho  whole  of  the  magma 

(2)  Water  or  Steam  and  other  gases'-  such  as  Carbon  di-Oxide,  Chlorine, 

Fluorine,  Sulphur  gases  and  so  forth.   These  may  probably  msjce 
up  to  as  much  as  five  per  cent  or  more  of  the  magma. 

(3)  Other  minerals  in  smaller  amounT;s  -   such  as  m.inerals  of  Chromium, 

Copper,  Gold,  Silver,  Sulphur,  Tellurium,  Tin,  Zinc,  and  many 
others.  V/hen  present  these  elements  are  present  in  only  very 
small  amounts  and  some  of  them  apparently  in  such  minute 
quantities  that  it  is  only  after  very  much  concentration  from 
parts  of  the  magma  and  then  by  later  artificial  concentration 
of  the  natural  concentrations  that  we  are  able  to  recognize 
them  at  all. 

At  this  point  iet  it  again  be  noted  that  the  steam  and  other  gases 
of  the  second  group  are  very  effective;  in  aiding  in  the  melting  or  solu- 
tion of  the  minerals  of  the  first  and  third   group,  and  since  the  minerals 
of  the  third  group  are  present  in  such  small  amounts  the  wator  and  other 
gases  will  be  able  to  keep  most  of  the  minerals  of  the  third  group  in 
solution  long  after  the  great  mass  of  the  silicates  has  been  cooled  to 
the  point  of  freezing  or  solidification. 


THE  COOLING  AI-©gR5EZING  OF  MAG!.'LA.5 

Having  considered  in  the  preceding  pages  the  factors  and  fe;tures 
associated  with  the  melting  and  migration  of  magmas,  let  us  now  deal  with 
the  latter  end  of  the  processes  -  the  cooling  and  freezing  or  solidifica- 
tion of  the  magmas.  .  For  this  purpose  we  shall  consider  the  cooling  of  a 
batholithic  mass  to  illustrate  the  principles  that  Y/e  wish  to  di§G^-§8  ^'^ 
dealing  with  the  consolidation  of  magmas,  in  general.- 

When  the  magma  in  the  batholith  comes  to  rest  and  begins  to  cool,  it 
is  obvious  that  the  cooling  will  miost  likely  begin  at  the  outer  and  upper 
surface.   In  time  the  outer  margin  will  be  sufficiently  cool  that  crystals 
of  the  silicate  minerals  will  begin  to  form  on  the  inner  surface  of  the 
containing  rock  and  these  iilll   continue  to  grow  until  the  whole  of  this 
surface  is  lined  with  a  layer  of  the  silicate  crystals.   This  layer  in 
turn  will  cool  and  will  grow  on  its  inner  surface  another  layer  of 
crystals.   Continued  cooling  will  produce  an  ever  thickening  zone  of 
crystals  or  solid  rock  (of  the  silicate  minerals  -  Q,uartz,  Feldspar,  and 
a  Ferromagnesian  mineral).   Inside  of  this  ever  thickening  layer  will  be 
the  magma  which  is  still  liquid.   In  th^,  outer  zone  of  solid  rock  the 
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crystals   will  have   grown    so    closely  together   that   there    will  be  practically 
no  liquid  material   left   among   them  -  nothing  but   the    silicates   which   have 
been    forced   to    solidify  at   the    decreasing   temperatures    at   the   outside   of 
the   batholith. 

Let   us  note    that   since    it    is    the   silicates    only  7/hich   are   forming  at 
the   outside    and  withdrawing  from  the    general   magmatic    solution   then   in   the 
residual  magmatic   solution  which   is  retreating   toward  the   centre    of  the 
batholith    there    is    a   decreasing  amount   of  th^^    silicates  but   the   amounts 
of  the   gases   and    the   minor  minerals    vdll   remain   practically  'unchanged, 
Y/ith  continued   freezing  of   the    silicates   the  residual  liquid,    therefore, 
becomes  relatively   richer   and  rich^^r   in   the   proportion  of   the  wator   and 
gases   to    the  remaining   silicates,    and  hence    it  will   hav^    a  much  greater 
fluidity   than   the    original  magma. 

In  the  latter  phases   of  the    cooling  of  the   magma  we   will  have    the 
greater   part   of   the  batholith   solidified,    biat   near   the   base   there    mil  be 
segregated  various   pools   or  cisterns    of  a   vevj   fluid   solution   containing 
in   localized    spaces   all   the  water  and   other   gases    that   were   originally 
disseminated   through   the   whole  magma.      Concentrated    to   saturation   in   this 
solution  will  be   the    silicates  not   jret    solidified,    and,    dissolved    in   it 
also,    will  be   all   the   minor  minerals  of   the    third   group  which  have   been 
squeezed   away  from  the  freezing    silicates   and   crowded    to  the    centre   with 
the    aqueous  part   of   the   magma. 

Aft^r   the  batholith  has  be^n    compl-ot..ly   solidified  -   vath  the   excep- 
tion  of   th>^    small   liquid  residual  pools   near    th^-   base   -    it    may  happen 
that   a   crack  may  penetrate    into    tlie    inass.      These   cracks   may  be    caused  by 
the    cooling  and   shrinking    of  the   batholith  after   solidification   or   they 
may  be    due   to   larger   earth  movei.ients.      ''iVhatever  may  be    the    cause,    these 
openings  frequently  occur   and   in   some   cases    their    course    causes   them  to 
break   into   some  of   the    segregated  pools    of  liquid   already  referred   to. 
The   liquid   is   under   great   pressure  and   as   soon  as   an   opening    is   offered 
it   gushes    througli   it   into    the   upper   levels    of   the  batholith  and  beyond   it 
into   the   overlying  rock.      This   solution   is  very  fluid   and    is   able    to  pene- 
trate   into   the    tiniest   openings   that   occur   in  "oits     path.      Under   the 
lower    conditions    of   temperature   and   pressure   that   prevail   in    the   upper 
levels   the    solution   cools,    loses   some    of   its   liquids   in  the   for:!i  of 
escaping  gases   and  precipitates   the    solids    that   were  held   in    solution  be- 
low.     The    chief   solids   that   are  precipitated  are   crystals   of   quartz   and 
felspar  but    in   this  very   fluid    solution    crystals   grow  to    a  much   greater 
size   than    thu   crystals   in   the  main  batholith.      In   the    latter    case   the 
magma   or    solution  was   in  tho   ;;:ain   a  rielted   silicate    solution  with   a  littl--. 
water.      On   this   accoiont   it  was  quite  viscous,    even   at  high  temperatures 
and   internal  movement   of   the   particles   Y/as   sariewhat   restrained   so   that    the 
crystal   centres    only  drevv'  from  a  limited  range  for    their   supplies   and 
hence  no   crystal    could   grow  to    a  very  large    size,  •    In   the   residual   liquid 
Yfhich  v,"as   later   injected   into   the   narrov;   cracks    in   the   upper   part   of   the 
batholith  and   surrounding  rocks   the    silicates   were   held  in   solution   wxth   a 
relatively  large   amount    of    aqueous   liquid   and    the    solution  was   quite   fluid. 
The   particles    could  more   freely  migrate    in   this   fluid  and    thus   each 
crystal    could   drav/  its   supplies   from  a  larger  area  and  grow  to   be   quite 
large.      In   the    dike    like   boey    formed   in    such  manner   the    crystals   are ^ 
characteristically  very   large   and   their   margins   vrell  defined.      The   dikes 
or   dike  like   bodies   formed   in   the   manner    lust   described   are   quite    character- 
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istic   of  the  last   stages   of   a    granitic   batholith  and  are   easily   identi- 
fiable  from  the    dikes   formed  by  the    intrusion   of   more  viscous   magmas. 
They  are   given   the   name   PEGMTITE  dikes.      On  account    of   the   very  fluid 
nature    of   the   material    ejected   from  the   batholith   in   this   pegmjatitic 
stage   the  pegmatitic   material    is   able   to   enter  the   very   smallest   cracks 
in   the  rocks   so   that    we  may  have        pagraatito    dikelots  ranging  dov/n    to    the 
fraction   of    an   inch   in  width   or   thickness, 

■«7e  notod   in   the   preceding   paragraph  that   the    chief  materials   in   the 
pegmatite   body  will  be    the   largu    crystals   of    silicate   minerals   -   quartz, 
fwlspar,    mica,    etc.      In   some   pegmatites,    ho77Cvor,    there  may  be  found 
sii.all  proportions   of   the   elements   and   minerals   from  class  3   previously 
mentioned,    e.g.    Molybdenum,    Tin,    or    Tungsten.      It    is  probable   that   the 
silicates   vri.ll  be   precipitated   through   the   whole   length   of   the  pegmatite 
dike   and  so   may  be  found   wherever   the    dike    is   later   exposed   by  weathering 
and   erosion.      On   the    other   hand   the   rarer  minerals   of  the    solution, 
present    in   only   small   amount   will  probably  be  more   selective   in   their 
place   of   solidification   from   the    solution  and   will   likely  be   found  in   a 
restricted   zone   or   stretch   of  the    dike. 

In    some   cases   the   amount    of   tin,    tungsten,    molybdenum  or   other    -ictals 
or  minerals    in   these    sections  may  be    sufficiently  large    to  permit   m.ining 
of    thu  dike  for    their  recovery. 


Before   leaving   the    discussion   of  pegmatite    dikes    it  may   be    iiitei'- 
esting   to  note    the    effect    of    the    dike    solutions    on   the    rock  adjacer.t    tc 
it.   At    the    high   temperatures   and  pressures   in      the    solution   the   fluid    , 
li^L^iiii   or  gaseous, is  very   corrosive   and   the    oorrosive    gases  ■  (called  min- 


eralizers)  penetrating  the 
altered.  Even  the  granite 
itself  very  much  modified 
tered  rock  on  the  sides  of 
is  a  rather  oharaoteristic 
dike. 


rooks  near   the    dike    cause    them   to    be  very   highly 
-   the    parent    rock   of    the    dike    solutions   -   is 
when   this    solution   later   invades    it.      The   al- 
the    dike    Is   csalled  Greisen     and   this  greisen 
feature    of   the    country   rock   of    the   pegmatite 
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r^TAIv:OEPHISM 


In   the    early  part   of   the   work  rriention  was  made    of   the   fact    that 
rocks    could   be  classified    into   three   groups:    the    Igneous,    the  Sedimentary, 
and   the  Met  amorphic.      We   have   already   dealt   vnth   the    igneous   and    the  sedi- 
mentary rocks  and  yre  may   now  deal  with   the   metamorphic   rocks   and  so''ie   of 
thephases   of  metamorphisra. 

By  Metamorphic  p.ocks   xto  mean   tho£.e   rocks    that   have   been   so    cha:iged 
from  their   original   forms    (cither    igneous   or   sedimentary)     that    they  no 
longer   resemble  the  parent   rocks   or   are   at   least    so    different   from  them 
that   they  are   easily   distinguished  from  the  rocks   from  which   they  have 
been  derived. 

By  Metamorphism  we  mean    (in   geology)    the   processes   of   changing 
minerals  or   rocks   or   by  which  changes   are  brought    about. 

To   be    strictly  correct,    v/e    should    sa^^   that   practically  all   rocks 
near   the    surface   of    the   earth  are   undergoing  metamorphism  as   they  are 
slowly   changing   by   vreathering  or  consolidation   to  form   some   different   type 
of    rock  or   maneral    su.bstance.      In   a  more   limited  meaning,    however,    Iz    is 
.customary   to   speak  of  metam^orphism  as   going   on  mostly  at    greater  depths   in 
the   earth's   crust  where   the   pressure   and   movement   ac com.panying    earth  ad- 
justment   is  modifying   the   rock    structure   to   a   greater   or  less   extent   and 
the   increased  heat    together  with   escaping    solutions   from  migrating  magmas 
is   bringing  about  a   change    in   the   mineral    content   of  many  of  the  rocks 
viithin  range   of  the    invading  magma. 

The    type   of   metamorphism  which  results   from,   the  heating    of   rocks   by 
raagmatic    invasion   or    from  the    chemical  alteration  brought   about    by   the 
injection   of    infiltration    of  gases   or    solutions   from  the   magmas    into   the 
adjacent  rocks    is    called   CONTACT  !'/[ETAIvIORPHISM.    This    kind   of    alteration   in 
the  neighbouring  rocks   is  naturally  rather   limited    in    its   extent   being    con- 
fined  to   the  relatively  narrow  lim.its   to   which  the   heat  and   ::iagmatic    juices 
of   the   liquid  rock   can  penetrate. 

On   the   other  hand   the   thrust   and  pressure  developed   in  periods   of 
earth  adjustment    is  very  effective    in  producing    certain    changes   in   the 
rocks   and   as   this   pressure   is   extended   over  very   v/ide   areas    the   rock 
changes  which   it  may  produce   are  very  widespread   in    their   distribution. 
On  account   of   the  widespread  nature   of  its   effects    this    type   of   alteration 
is   referred    to   as  RZGIOIIAL  !.^ETA1-aOKPHISM. 

R  e  gi  ona 1  Me  t  amor  ph  i  sm 

Let   us    consider  first   the   latter   type   of   alteration   -  Regional 
Lie  tarn  orphism.      This    kind   of   alteration   it   has   been   noted    is   due    to    the    de- 
velopment   of   great   pressures    in    the   earth's    crust,      ITov-  if  a  mass   of  rock 
is   subjected   to   greatly   increased   pressure    it  m.ay   try  to   respond   to   this 
thrust   in   one   or  both   of  two   ways:       (A)    It   maj^   tend    to  decrease    its   volume 
in  some  v/ay;    or    (B)    It   may   try   to   move   away   from  the   direction   of  greatest 
pressure   along   lines   of   lesser  pressure.      It   has   already  been   noted   that 
under   great  pressures  rocks  may  flow  and    it    is    obvious    that    in   its   flow 
some  alteration   must  be   taking  place    in   the   relations   of   the    crj^stals   or 
■rains    of  the  rock   to    each   other,    thus   the   structure   of    the   rock   may   be 
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somewhat    different   after   flov/    than    it   was    before. 


-1-^ 
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The   sedimentary  rocks  on  account   of   their   stratification   and   of 
their  relatively  high  porosity   often    show  the   marks    of   these   changes   more 
effectively   than  the   igneous  rocks    and  we   will   first    consicler   the   ordin- 
ary sedimentary  rocks,    shale,    limestone,    sandstone. 

Shale,    as   has   been  noted,    is    made   of  muddy  sediments   which   are 
largely   composed   of  kaolin    (an   aluminium  silicate)    with    snialler   amounts 
of  finely  divided   quartz   or    silica   and   small  portions    of    lime,    iron,' 
potash  which   have    fallen   dovm  v:ith  the   mud   or  become   entrapped    in   it. 
The   greater  part   of   the    shale,    however,    is  made  up   of  the  mud  which   is 
largely  kaolin.      We    v;ill  discuss  briefly   the    effects   of   differential 
nressure  on   this   type    of  rock. 

When   excessive  prossur^^    is  applied    to    this   type   of   material   the 
tendency   is    for   the   material    to   flov;  av;ay  from  the   points   of   greatest 
pressure    to  regions   vjhere   the   pressure    is  less.      An  attempt    is   m.ade    to 
illustrate   this_.  by   the   diagram  below.      V/e   will   suppose   that   a  mass   of 

clay   or    plasticene    is    confined  between   the 
walls  A  and  E   vxhich  are   m.oveable  back  and 
forv/ard  between   0   and  P.      It    is   not    con- 
fined upxTard   toward  Mvl.       If   now  pressure    is 
applied   between  P   and  0   and   the    sides  A  and 
B  made   to  move   tov/ard   each   other,    then   the 
only   escape   for  the    plasticene   or   clay   is 
upward  }jM.      Movement  near  A  and  B    is    some- 
what   constrained  by   the  friction   wixh   these 
v/alls   and  at   the    centre    it    will   be  much 
more    free.      Hence    the    central   particles   v;ill 
move   much   more  rapidly   than   the   particles 
in   the   layers    t*    the    outside   of   them  and   these  more   rapidly   than   the 
layers    still  farther   out  and  -so  forth,    i.e.    there    is    differential  move- 
meat   of    the   particles    in  the  various    laj^'ers   and    hence    sliding  planes   are 
apt    to  be    developed   in  them.      These    sliding   planes   will  be    in  direction 
NIJ  or   at  right  angles   to   OP   -   the   direction   of  the  application   of   the 
pressure. 

The   same    type    of   m^ovement   develops    in  the    particles   of  the   shale 
when   it   is   subjected   to   differential  pressures    in  the   earth's    crust. 
The   particles    tend   to  move  at  right  angles   to    the   direction   of  greatest 
pressure    and  hence    to    develop   sliding   planes    so   oriented    that    they  are 
nornal   to   the  direction    of   pressure. 

Furthermore,    if    there    are    in    the   mud  or  shale   any  minerals   or 
particles   of  a   flattened   or  flake   like    shape   they  will   not  tend   to   set 
themselves   across    the    lines   of   flov;  but    rather   parallc-l    to    these   linos 
or   planes   thus   accentuating   the   tendency   to    develop,    in   th^-    shalo   or    mud, 
Planes    or    surfaces   of   potential   parting  at   right  angles   to    the    direction 
of    thrust. 


^irtrzrx! 


The   great   pressure    is   also   tending   to  reduce   the   vol'oiae    of  the   shale 
or  rjid    in   any  way  that    this  may  be  accomTilishcd.      Because   of  this  factor 
much   of,  the   m^ater   thnt   was   present    in   the    shale   is    expelled   and   the   Vi'hclc 
■iiass    is  much  more    com.pacted   than   it    was   before    the  pressure   was   applied. 


Aftor    the  modification  of  the  rock   h&s  boon  uccomplishi.'Cl   it    ^all   no 
longer   pppoar   as   the    shale    it  r/as  bcforo   tiit   as   a  much  more    compact   rock 
y/ith   planes   of    potLcntial    cleavage   vrell  dovelopcd„      This  typo    of  rock,    dc- 
vcl^'pcd   from   shale,    is  called  SLATE.      Go   ^^ell   compacted   is  the  rock   that 
"en-:,    slaty   cleavage   pianos  may  iTdTTloe   apparent    in   the   frosh].y  quarried  rock 
bub   the;/  ultimately   become    apporent    on  old  weathered   exposures   or   may 

become    evident   when  the   blocks   of   freshly   quarried  rock   are   split. 


In   speaking   of   folding   and  faulcing  V'/e   noticed   that   the   great    thrusts 
developed    in   the  earth's    crust   durinei  periods   of    crustal   adjustment   7/ore 
usually  parallel    the   earth's   surface   or  nearly    so.      It    is  largely  due    to 
these    thrusGs   that   slates   are    developed   and  hence    it  follows    that    :if   the 
sleuy   cleavage    is   at  right   angles    to    tlie    thrust   the   cleavage  must   be   at 


;re   eerrza  •  s 
Thi  s , 


is    it  musxbe  vert- 

at 


surface,  that 

of    course.,    is    in  most    cases 
of    the'siaty  cleavage   and  of 
it    the    cleavage    in  most    cases 


r;-g':o    angles,    or  nearly   so,     i-o 
ical    or   near  the   vertical   position, 
right    angles    to    the  bedding   and  as   a  resu_Lt 
th'o    movements    of  the   particles    vvhich- -caused 
ooliterates   or  makes  the   original   bedding   planes   and   also   tends    to   destroy 
:c    d- stort   any  fossils   or    other   sedimentary  fet^.tures   which  were    originally 
present    in   the   shale.      In   some    cases    the   traces   of    the    original   bedding 
can  be    seen    traversing   the   cleavage   planes    ani   as  remarked  betore    it    is 
usually  at   right  angles    to   the    cleavage^       In   some    instances,    however,    the 
cede  may  have  been   on   the  flank   of 


:ha   earth's   surface   but    inclined 


fold  and   hence   were  not  pajrallel   to 
itc      Ir    such    cases    it   is  probable   that 
the   slaty   cleavage   i;7ill  not  be   at  right    angles    to  the  bedding  and  in   a 

the  bedding  planes   and   cleavage   planes   on 


CxO 

the 


50   folded   anticline^    in  fact, 
flanks   of  the    anticline  would  be   parallel    x( 


each   other. 
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The  development   of   slaty   cleavage    is    common   in    such  rocks   as  v/ere 
originally  made   from  clay  or   rocks    having   a  high   *lay   content   since   in 
such  rocks    the   particles    tend    to   flo^^  more  freely.      In   a  rock   such   as 
limestone   the   reaction   to   compression  may  be    shov/n   in   another   way.      As 
originally  deposited   the    limestone   vras  made  up   of  an   infinite   number   of 
very  fine   particles   of  lime   or  calcium  carbonate    (CaCOg    or  CaO.COg).      In 
addition   there   was  present   -   as    there   is  present    in  all  rocks   -   a  variable 
amount   of  water.      This   water   may   simply   form  a  very  thin   film  on    the   sur- 
face  of   each  particle  or   it   may  also   fill   up   a  number  of   the  pores   in    the 
rock   but    in   any  case    all  rocks   -   even   the   igneous   -    contain   water    in 
greater  or  less   amounts.      With   the   assistance   of   the   contained  water   the 
sm^all   particles   of  lime  begin   to   reform,   themselves   into    small   crystals. 
These   have   the    chemical  composition  of  the   lime   as   noted  above  and   the 
crystallized   lime    carbonate    is    called   Calcite.      The  f orm.  of   the    crystal 
is   such  that    it  is    about   equally  developed   m  the    three   dimensions   and 
when  pure    it    is  white   or   crystal   clear   in    colour. 

As   noted   before,    one  of   the   tendencies   of  a   rock   under  pressure   is 
to  reduce    its  volume   and   in   the    case    of  limestone   this   can  be    in    some 
m^eas'ore   accomplished   by    consolidating   large   numbers   of  small    crystals    into 
a   smaller  number    of  larger   crystals,    each  large    crystal    taking  up   less 
space    than    the   aggregate  volume   of   all   the    smaller   crystals   v/hich  went   to 
m.ake    it  up.      Hence   the   total  volume   of  all   the  reorganized   large    crystals 
in   the  rock   is    smaller    than   before   the   consolidation   took   place.      By  this 
recrystallization   the   limestone    is    changed   to   a    CRYSTALLINE  LIMEST0IJ5   or 
IvIARBLE.      The  term   crystalline   limestone    is   not   as   distinctive   as    it   might 
be    since   even   the   ordinary  limestone   as    it   was   at   first  was    crystalline, 
but    the    crystals   were    so    small   that   they  were    invisible    to   the   unaided    eye. 

As   in   the   case   of  the  mud  roeks    it    is  probable    that  there  were   some 
flow  lines   developed  in    the   metamiorphism   of  the    limestone  but    the   growth 
of  the   large   crystals   of   calcite,    with    their    equi-dimensional    shape,    was 
so   great  as   to   destroy  all  evidence    of  flow  lines   even  as    it    destroys    the 
evidence   of  finer   bedding   and   lamination   and   all   traces    of  fossils    that 
may  have  been   in  the   original  limestone. 

In   general   all  rocks    that  are    subjected  to    increased  pressure   will 
tend    to  act   in   the  manner   above   suggested  -    to    try   to  flov/  away  from  the 
directions    of  greatest  pressure   and   to    com.pact   themselves   by  loss   of   water 
or  by  rearrangement   of   their  grains   or   crystals   so   as   to   occupy   in   the   ag- 
gregate  decreased  volume.      The  rearrangement    of   the    crystals  which  was   de- 
scribed  in    the   case   of   the   limestone   above  may  be   discussed  a    little  moro 
fully  now. 

All  rocks    -    igneous  or   sedimentary   -  have   som.e  water   associated  v/ith 
them  even   if    it    is   only  in   the   form  of   the  thinnest    of   films    surrounding 
each  grain   or   crystal.      The    film  in   some    cases  may  be   increased    in   thick- 
ness  and    in   some   rocks   the   pores   or  interstices   between   the   grains   are   all 
filled  T7ith   v/ater.      In   whatever   form  or   amount    it  may  be  present    it   remains 
true  that   water    is  a    constituent   of  practically  all  rocks    in   the  earth's 
crust.      A  film  of   this   Y/ater   will   surround   each   grain    or   crystal   and   vfill 
be    in   very  iTitimate    contact   with    it.      Under    such    circumstances  no  riineral 
is  absolutely  insoluble  although   the   degree   of   solubility   is  very,   very 
slight.      The   solubility  of   the  grain  may,'   however,,   be   increased    in    several 
ways.      One   of   these   is   by   the    increase    of  temperature,    another  by   the 
increase   of  pressure,    and   a  third  by  the    introduction   or  addition   of    sOLie 
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other    solvent    tc    the  film  of  water.      Since    in   this  part    of  the   discussion 
we   are   dealing   with  the  effects   of  pressure,    we  will    consider   the   influ- 
ence   of  pressure   in   changing    the    character   of   rocks   by   the   solution   of 
their  minerals. 


As  an  illustration  let  us 
number  of  grains  as  illustrated 
grains  be  placed  betT/een  tvra  pi 
betvreen  the  plates  be  filled  wi 
ditions  has  dissolved  as  much  o 
ThG  addition  of  any  more  of  the 
b;^'  one  of  the  factors  noted  abo 
and  let  us  do  it  by  auplying  pr 
A  '      A 

-.      i  i  i        i      f 

J'f  (T7  f-t-r->  ■?'T7r'r'  TT/^y  t  r  t]i_  /■  '  ij 


consider   the  solution   factors   about   a 

in    the   diagrara  below.      Let   a  number   of 
ates  A  and   B  and  let  the  rest   of   the    space 
th   some    solvent   which  under   normal    con- 
f   the   substance   of  the   grains   as   it   C£in. 

substance    then   could  only  bo  brought   about 
vo;      Lot   us  employ   the   factor   of  pressure 
essurc   upon   the  plates  A  and  B.      This 
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;^rGS9ure  must  be    transmitted   from  A  tov/ard   3   through   tho   grains   ootwoon 
them  and  the  pressure   is    applied  at   the   points    or  facus    in    contact  with 
A  and  B,      Hence    at   those   places   the   grains  will   tend  to    dissolvo   and   the 
solution  move   away  from   the  point   or  face    of  pressure.      But   when  tho 
stronger   solution  mioves   tc    the  froo    side   or   face   of  tho    grain   there    is   not 
enough  pressure    to    keep   it    in   solution   and  henco   it  will   tend  to  precip- 
itate' ''it  ■   out   or    tw   form  a   film  of    solid   material   again  which   adds    itself 
to   one    of   the  free   faces,    as    indicated  by   the  arrows   which   in   the    diagram 
are   directed    toward  a   fev/  of   the   faces    that   v;ill  be  receirir^  f  ilm_3    of 
solid   which   are   being   pushed   out   of    the    solution  which   nas   become   over- 
sapurated   on  account    of  the    extra  pressure  at   the   faces    in    contact   with 
A  and  B    causing  an    increased    concentration  at   those   places   -  which   concen- 
tration   coiJild  not  be  maintained   elsewhere   where    the   pressure   was   less. 


If  nov;  in  Figure    2,    where    the  grains   are  all    in   contact   with  each 
other  along  the  direction  }-Si\ ,    pressure  were   again   to  be  applied  between 
A  and  B   solution  v/ould   go   on   as  before   and   the   precipitation  ?/hic.i   would 
ensue   would   take   place    on   the  free   surfaces   of   the  grains   as   illustrated. 
If  the   pressure   and  hence    the   solution   and  redeposition  were   to    continue 
long   enough  the   tops   and   bottoms   of  the   graims   would   be   dissolved  away 
and  the  material  would   fill   all   the   pores    that   existed   between   the   grains. 
V/ith   the   elimination   of  the   pore    space   it   is   evident   that   the    system   is 
more   compact  now   than   before  pressure   was   applied. 


This  v/as   the   prl 
the   consolidation   of 
quite  different  rock 
usually  a  fairly  larg 
tion   of  pressure  over 
idation   as   suggested 
points   and   faces   of 
the    direction   of  grea 
free  faces   of  quartz 


nciple   that   was   largely  effective    in  bringing  about 
the   limestone   to   Marble.      Let  us    nov;  apply   it   to  a 
-  Sandstone.      In   the    case   of  sandstone   there   is 
:e   amount    of  pore   snace.       In   som.e   cases    the   ar>pliC3- 

a  very  long  period   of   time  may  cause   such   a   consol- 
abovG,    the    silica   of   the   quartz  being  dissolved  from 
rains  ¥/hich  are  pressing  against   one  another   along 
test   thrust   and  being   deposited   in   pores   or   along 
which  are   directed   tovjard  points   of   less  pressure. 
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In   time   the  pores  may  be    completely  filled   and   the    sandstone,  whi  ch  T/as 
originally  made  up   of   a  number   ot   grains   of    quartz   rather  loosely   cemxented 
together   and  with  many  pore    spaces    intervening,    is   nov:   a   consolidated  mass 
of   quartz   va  th   a  very   small  amonnt    of   interstitial    spaces.      This  rock    con- 
solidated   to    a  fairly  solijj  mass  of  quartz   from  sandstone    is    called 
Q,TJARTZITE. 

The   above  alterations  of   shale,    limestone    and    sandstone  under  moder- 
ate   conditions   of  metamorphisra  %,re   normal  modifications  under   conditions 
vv'hich  may  not   be    too   intensive    in   their   application  to  the  rock  mass.      In 
the   case    of   some    of   tho    shales    the   processes  may   be    carried   even   farther 
than  outlined   above. 

If  the   conditions  of    goj-ution  under   pressure    (or  pressure   and  heat)  are 
intensive  and    continued  for   a  long   tim^e,    it   may  happen   that  a    crystal    "A" 
on  being   dissolved   will  have    its    solution  mixed   v/ith   the    solution   from 
another    crystal    "B"    of   ditterent   kind  and  from  this  mixed   solution   there 
may  be  precipitated   a    crystal    "C"    of   a  kind   different    from  either   "A"   or 
"3".      It  may  further  happen   that    the    third   crystal    "C"    has   some    character- 
istics  which  neither    "A"   nor   "B"   had   but    which  render    "C"  more   adaptable 
to    the  conditions   of   pressure   or  movement   prevalent    in    the  rock   at    the 
time   of   formation.      Under  these    conditions    it    is   probable    that    "A"    and   "B" 
will   keep  on  dissolving   and   "C"   will  keep   replacing   thom  as   far  as   is   pos- 
sible under   the  circumstances. 

We   have  already   noteced    that   the   oxides   which  make  up   the   greatest 
part    of   the  earth's    crust  are    as   follows: 

AlgOs        SiOg  These   oxides   we   noted  were,    in   the 

KgO  igneous   rocks,    combined   to    form  quartz 

NagO  and  the   feldspar  and   ferromagnesian 

CaO  silicates.       They   can,    however,    when 

MgO  taken    in   different  proportions  and   in 

FeO  different    tjorabinations,  form  other 

minerals   vjith  quite   different   character- 
istics  of    crystallization   and    so   forth  from   the    rock  forming  minerals 
that   we    studied   some   time   ago.      For    instance   a  mineral    called   staurolite 
is    composed  of   Silica,    A*Lumina  and   Iron   Oxides   and   a  mineral   Garnet  may 
be   form.ed   from  the    oxidee   of    Silica,    Alumina,    and   Iron   or  Magnesia  or 
Lime,      Each  of    these   minerals    is    quite   heavy   having   a    higher   specific 
gravity   than  the  average   of  the    feldspare   and  f erromiagnesians   which  might 
have  been  formed,    in  part   at   least,    from  another   combination  of    the   same 
oxides.       It   is  evident    ttat    the   oxides   a^e  very  v/ell  compacted    in   these 
minerals    (Staurolite   and  Garnet   for    exainoles)    and    that    when    a   rock   in 
which   these   oxides  are   present    in    the   fOrm  of    lighter   minerals    is  placed 
under   great  pressure   there   vvlll  be  a    possibility  of   them  reform.ing    to 
make    the    more  compact   type   of   minerals. 

This  reorganization   of    the   oxides   of  a   rock   to    form  as   far   as  pos- 
sible new  minerals  of   greater  density    i$  a    common  feature  of    the   metamor- 
phisra of  rocks  by  the   application  of   pressure. 

Again  the   oxides  miglit    be    able    to  rocrystallize    in   the  form   of  micas 
or  other  minerals   of   similar  habits   of    growth.      Minerals   of    this   type 
tend   to  develop  platy   or  fibrous    structure   growing  more  readily   in  one   or 
two    directions   than   in   tlie   third.      This   habit   of  growth  fits   nicely   into 
a  system  where   pressure    %n   one   directifjn    is  greater   than   in   tho   other   two. 
la  addition   to   the  micas    the  minerals   Chlorite,    Talc,    Hornblende,    and 
Actinolite    shov;  this  ability   to  grow  :vroely   in   one  plane   or   diructicn   with 
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a  lesser  growth   in   the    direction  at   right  angles   to    the   plane    of    greater 
grov/th.      Chlorite   is    a  platy  mineral   composed   of   the   oxides  Alumina, 
Magnesia,    Iron,    and   Silica,       Chlorite  is   usually  formed   ivhen    the   basic 
minerals  are  being   metamorphosed.      Talc   is  composed  of   the   oxides   of  Mag- 
nesia and   Silica.      Actinolite    is   a  relative   of  Hornblende   and  has   a 
needle  or  fibrous   grov/th  habit.      Hornblende   has   already  been  referred   to 
and   is   here  mentioned   again   on  account  of   its   ability   to   extend    its   growth 
along   one   plane.      All  of  these  minerals  would   tend  to   grow  mostly  away 
from  the   direction   of   pressure,    i.e.    in   a  plane  at   right   angles   to   the 
thrust   and  hence   on  account   of  their  platy  nature   would    tend   to  make    the 
altered  rock  more   easily  fissile   in  planes   at  right  angles  to   the   thrust,' 
This  feature   would  therefore   tend    to   accentuate   the   development    of    slaty 
cloavago    induced  by  rock   flowage,    which  is  also,    as' wo   have   already  noted, 
at  right    angles   to   the   direction   of   greatest   thrust. 

At    the    lower   temperatures    in  the  earth's    crust   the  reorganization   of • 
the    oxides  to    form  new  types   of   minerals   does   not   take   place  sO'  rapidly 
as    it    V;-ould  at   higher    temperatures   or    over  a    longer   time.      If   the  rock   is 
somewhat   heated  at   the   time   of    application   of   pressure   or   if   there   are 
present   some   liquids   or  gases  which  are  particularly  active   in  aiding 
solution  and    if   the   conditions  are    sustained   over  a   long   period  of  time 
then  the   effects   of  regrowth   of    crystals  will   be  more   pronounced,    that    is, 
more   flakes   of   mica  may  be   produced   in    the  slate,  for    instance,    and   the 
flakes  will  be   of   larger   size.      Ultimately   they  may  be  large  enough   to 
be    seen    with   the  naked   eye   and   we   could  speak    of   the   slate  as  a  mica   slate. 
The  slaty  cleavage   due   to   flow  is   still   a  dominant   feature,   but    it    is   also 
marked  by  the   presence   of    small   mica  flakes   on   the   planes   of  parting. 
This   type    of   slate    is   called   a  FHYLLITE. 

Under  more    severe   conditions   of  alteration  there   may  be   developed 
two    other    types    of   metamorphic  rock   from  the  mud   or    clay   sediments.        In 
the   original  muds   there  may  have  been  variations    in  the    amounts   of  Alumina, 
Potash,    Soda,    Lime,    Magnesia,    Iron   and  Silica   present.      Depending    partly 
upon   this    factor   and   largely     upon   the    intensity   of   the   alteration,    v/e 
may  have    developed  Schists   or  Gneisses   instead   of  Slates   or  Phyllites. 
If   the  original  muds   were   I077  in  silica  and    the    oxides  required  for  fels- 
pathic   mineral   but   higher    in   the   more  basic  oxides    then   long   continued 
and  pronoiinced  alteration  ?>rill    tend   to   develop   the    platy  or   fibrous 
minerals,    Biotite,    Chlorite,    Hornblende   or  Actinolite.      If    these   are   suf- 
ficiently developed   then    the  partings   due    to   these  minerals   will   be  more 
important   than   the  slaty   cleavage.      All   of   these  minerals   will   lie   in 
parallel   planes   which  are  at   right  angles   to    the   direction   of    thrust   b-jt, 
since  they  are    irregularly  disposed,    no   one  plane    need   be    continuous   for 
any   distance   and   the   partings   will   tend   to   jump  from  one   plane   to   another 
parallel   plane   giving  breaking   surfaces   which   in  general   are  parallel   one 
another,    but  are    somewhat    irregular   in   any  part   of   their   course.      This 
type   of   parting   is   called   schistosity  and   the  rock    is    called   a  SCHIST. 
Depending   upon   the  characteristic   mineral  which   causes   the    lines    of   part- 
ing   the  rock    is    called   an  ACTINOLITE   SCHIST,    HORITOLETTDS   SCHIST,    CHLOB ITE 
SCHIST,    TALC   SCHIST,    or  BI0TIT5   SCHIST. 

If  the   original  muds   v/ere   high    in  silica  and    the   felspathic   oxides 
then  there   were   present   the  very  materials  which   under  proper   conditions 
could   make   quartz   and   felspar.       If   the   alteration  factors   are  very  strong, 
that   is,    the   pressure    is  gr^at   and   the   teinporaturo  rather  high^   there  iivill 
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To  summarize   the  metamorphic  rocks    derived  from   the   sediments, 
largely  by  pressijire,   with   or  without   tbe   aid  ot  heat   or    solutions    intro- 
duced from  outside   the   original   rock; 
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m   Conglomerate   the    sandy  matrix  may  become   a  quartzite   ana   the 
T)ebbles  may   be   rolled   or    squeezed  or   sheared   according' to    the  relative 
strength   of  the  various   kinds   of  pebbles    to   the  viiatrix.. 
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There    is    another  rock    called   greywacke   which   is    sometiLies   classed   as 
a  metaraorphic  rock.      This   was    originally  a    sandy  mud   which   has   become  very 
much   compacted.      Its   more    sandy   bands   do    in   places   become  quartzite   and 
its   more  muddy  bands   do   become  slates   but   ^he  bedding  and  original    struct- 
ure are  usually  so  well  marked    that    it    is   doubtful    if    this  rock   should; 
without    some  reservation,    be   placed    in   the   metamorphic   group, 

METM^IORPHISM  OF   THE    IGNEOUS   ROCKS 

The   igneous   rocks   like    the   sedimentary   rocks  may,    under    similar 
changes    in   temperatur-e  and  pressure,    with   or   v/ithout    the    introduction   of 
heat  and   solutions   from,  the  outside,    suffer  metamorphisn  in  varying   de- 
grees  and   of   different  kinds    according   to   the    coniposition   of   the   rook. 
Since   the    igneous  rocks  are  m_ore  massive   and    less   porous  than  the   sedi- 
mentary rocks   they   do   not    always    show  such  striking  changes    as   metam.or- 
phism   sometimes  brings  about    in   the   sediments. 

Granite,    for    instance,    v/ill   tend   to   have   its  miinerals   rearranged   in 
bands   of   quartz,    orthoclase,    and   hornblende    or   mi^a.      The   bands  may  be 
■v'ariable   in    thickness,    from  a  fraction   of   an  inch   to   six    inches   and  more. 
The   segregation   in  bands  may  be    imperfect   but    it    is   always   more   or  less 
evident,    the   dark   f errcmagnesian  minerals  helping  to   bring      -.out   the 
lam.ination   of   the  rock.      The   feldspars   and   quartz  grains    do   not    lend  them- 
selves   to  parallel   arrangement   within   the   bands   but   the    mica    and  the 
hornblende    often   show  parallelism  within    their    bands.      Such  a   rock   is 
called   a   GRANITE   GNEISS. 

It  Tiay  be   suggested   that  there  might  be    difficulty   in  distinguishing 
between  a   Gneiss    derived   from  a   sandy  muddy   rock    (the    sedimentary  gneiss 
before   described)    and    a  gneiss    derived  directly  frorn  a   granite,    and,    in 
miany   instances    it    is    difficult    to    determine   the   origin   of    the  gn^oissic 
rock.      On   the   other   hand,    although  the   main  m-inerals   of  the    two    kinds   of 
gneisses   are   the    same   and  tho   arrangement  may  be    identical,    th^ru  may  be 
in  some   cases   some  features  which  xfiaj  suggest   a   sedim^entary  origin   or 
otherwise.      The   muddy  rock  which   gave  rise   to   a    sedimentary   gneiss   iriay 
have   had   in   it   some   oxides    in  excess   of   the    amount   required   for    the  re- 
organization  of   the  typical    granite   minerals,    quartz   and  felspar.      These 
excess   oxides  may  form  accessory  minerals   v^hose   presence    is   suggestive   of 
the   sedimentary   origin   of   the  gneiss.      Garnet    is    one   of   this   type   of 
minerals.      Nov/  garnet  may  be  present    in   granite   and,    hence,     in    the   granito 
gneiss  but    vjhen   it  appears    in   great  abundance    in  the   gneiss   there    is   al- 
ways  a   suggestion  that  the    origin   of   this  gneiss  v/as    sedimientary. 

Just  as    Granite  rnay  f..ojm  a   Granite   Gneiss,    so    also   Syenite   and  Dicri-ce 
having   high   feldspar   content  may  form  Syonito   and   Dioritvi   Gneisses, 

In   all  the   gneisses   feldspar   will   be   on  irrportant    constituent   and 
the  banding   or   lamination   of    like   minerals   will   be   a   structural    or  tex- 
tural  feature.       In   the   schists    the  feldspars   m.ay   or   may  not  be   present 
but   in  any  case   feldspar   is  not    the  dominant   mineral    in  determining    the 
texture   of   the   rock.       In    the   schists    this   dominant   position   is  held  by 
such  m.inerals   as   a  chlorite,    hornblende,    actinolite,    luica   or    talc.      Under 
differential  pressures   or   thrust    these  minerals  readily  orient    themselves 
to   adjust   their   flakes   or  planes   so   that    they  will  be   at   right   angles   to 
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the  direction   of    greatest   thrust.      This   gives  rise   to    the   parall-.!   grain 
arrangement    so   characteristic    of   the    schistose   textures. 

The   more  basic  rocks    aru    lo-.ver    in   the   f.:.ldspar   contunt    than    the 
granite,    syenite   and   the    raore   acid   of   the   dioinltes,    and   hence  under    this 
type   of   me  tamorphisra  cannot    develop  a   large   aD:ount    of   that   laineral.      For 
this  reason  the  nietajriorphosed  basic  rocks    (the   more   basic    diorites,    the 
gabbros  and  their  relatives)    \7ill  not  be   likely  to    sh077  the  gneissic   ar- 
rangement.      The  breaking    dovai,    or   alteration   of   the  basic   minerals   tends   to 
give  rise   to    chlorite,    hornblende    -and  ruica   and  hence   the   metamorphic   rocks 
formed  from  the  basic  rocks  v/ill  be   high   in  the   platy  or   fibrous  'minerals 
and   lov/   in   the  feldspars.      This  T'rill  give    to    these  rocks    the    schistose 
texture  rather   than  the    gneiss:- c. 

The  basic    igneous  rocks   therefore   on  alteration  are   likely   to   give 
rise  to   the  P.et -amorphic  rocks    CHLOr<ITE  SCHIST,    HOBMBLgNDS   SCHIST,    'vlICA 
SCHIST,    ACTINOLIT:^   SCHIST. 

To    siJDimari^.e    the    effects    of  this   t^rpe    of   metamorphisri  on   igneous 
rocks: 

The  Acid   Igneous   Rocks  ai-e  likely   to    produce   Gneisses' 
The   Basic    Igneous  Rocks    are   likely   to   produce   Schists, 

In  the   pr ecaiiibric'ji    of    Canada   there  are   present   a  great  many  rocks 
Trtiich  v/ere   originally   of   the  basic    igneous    type,    either   intrusivesor   sur- 
face flov7s.      In   the   alteration    of    these   rocks    the   greenish   chlorite   gives 
to    the  rock   a   dark  greenish   cast   of   colour.      On  this  account   they  are 
familiarly  called   Greenstones.      They  may  or   ;::ay  not   have   the   schistose 
texture   developed,    in   fact   the  basic   flows   vjhich   have  becorae  greenstones 
most   frequently  preserve   the    old    lava   flo?/  structures   vrhich   their  original 
movement   first   imposed   on   then.      The   alteration   is   an   alteration   of 
mineral   content   rather  than   textural    readjustment. 

The  preceding  discussion  on   metamorphism  has   dealt    v/ith   the    influence 
of   pressure   and  largely  of  differential   pressure    in   tna   v/ork  of  modifying 
rocks,    that    is,    it    has  been  regional   metamorphisri   th-i  t   has  been  largely 
responsible   for   bringing  about   the   alterations  mentioned.         In   all    these 
cases,    however,    and   particularly  in   the    case   of  the   schists    and   gneisses, 
the  addition  of   heat   -and   outside    solutions    (v/hen   these   are   present)    vrould 
be   a  very  powerful   factor   in  hastening   or   intensifying   the  effects  being 
product,d  by  pressure   -   the  main   agent   of  Regional   'vie t amor ph ism, 

CONTACT  I.ISTAMORPHISM 

We  m.ay  now  discuss   briefly    Kie   effe.cts   produced  by  heat   and   solutions 
of    intruding  magmas   on  the  rocks   adjaC'-jnt    tc    them  -   Cont  act  Ivlotamorph i  s:-). 

The   alteration   of  the   neighbouring  rocks    is   usually  miarked  by   a 
distinct   change    in   some    or   all   of    the   minerals  present    in   it.      This   change 
may  be  brought   about  either  by    the    introduction   of   new  substances   from  th 
solutions    injected    into   the   country  rock  from  tho   mxigr-r.    or   siriply  by  a  ro 
arrangement    of   the   oxides   already  present   so   as   to  give   new  minerals   as  a 


L. 


42. 

In  the  metaraorphism  of  the  invaded  rock  there  are  two  factors  to  be 
considered:  (A)  heat  alone,  or  (B)  heat  plus  a  greater  or  less  a::.ount  of 
hot  permeating    solutions. 

Heat   alone   mil  tend   to  drive   out    some   of   the  water    contained  in  the 
neighbouring  rock   and   v/ill  also  tend    to  aid    in    the   rirocesses    of   solution 
which   at   all  times   are  more   or    less   active   or  at    least   potential    in   a 
rock  which   contains   any  amount   of  water.      The  effect  of  heat    in  most 
cases   stimulates   the    solution   of   the   oxides    in    tho  rock  and  hence    in- 
creases  the   possibility  of  new  arrangements   to   fomi  nC7/  minerals,         Onslow 
cuoling,    subsequent    to   tho    invasion,    the   solution  precipitates    out    the 
old   or    the  nuv;  formod  minerals    and   so    tho   rock,    aftur   th^j    invasion,    may 
bo   foijnd   to    contain  n^w  sets   of    mint^rals    or   i.ierely  to    be   more   hardon^i-d 
and   compacted   than  before.      The   latter    effect   will   have   been  brought   about 
by   the   driving  out    of    some    of   t 'le  water  and    the  reprecipitation   of  ";he   eld 
:7jineral   types   in    the   pores   originally  occupied  by  the  water.      In  any   case 
the   effect   vail  not  be  very  widespread   from  the   margin,    or   contact,    of    the 
invading  rock   and   v/ill   in  most    cases  be  most  m^arked   within  a   fev;  inches 
of   the   contact   of    the  rocks   v;ith   each   other. 

If  the    invading  rock    is    accompanied   by,    or   contains,    largo   amounts 
of  Y/ater   or   other  gases    the   heating   effect  may   be   only  secondary  to   the 
work  done  by    the   injection   or   infiltration    of    those   gases    into   the    country 
rock  which  has   been    invaded.      The   gases   are   able    to   penetrate   far   beyond 
the  ordinary  limits   of   the    heating  effect   and    to  modify   the  rock   ir   a 
gradually   lessening   degree   as   far   as   they  penetrate. 

The    alteration  due    to  the    infiltration   of   the   gases  may   be   accomp- 
lished  in    tv/o    or    three   ways: 

(1)    The  gases    (or  liquids)    may  merely  stimulate   the   solution   of    the 
minerals  already   present.      As   a  result  of    this    increased   concentration   of 
solution   the   rock  on   cooling  will   likely  have   a  more   compact   assemiblage 
of    the   original  minerals,    that    is,  it   will  be   a  harder  and  more   indurated 
rock.      In  addition   there  may    be   formed  also    some  nev;  minerals   from  the 
old  materials. 

(Z)    The    fluids  may  dissolve   and  remove   to  another   place    some    of    the 
oxides   already  present   and  replace   them  by    others   v/hich   have   been   brought 
in  with   the   solution  fromi   the   r.iagma. 

(3)    The   solutions   from  the  m.agma  may,    without  much   rem.ova^   of  the   old 
minerals,  precipi  tate  new  forrns    in    the  pores    and    interstices   of    the   old 
rock. 

In  general  the  acid  rocks  are  accom-panied  by  larger  aiaounts  of  oeno- 
trating  gases  or  liquids  than  are  the  basic  intrusives.  Hence  the  basic 
intrusivcs  tend  to  limit  their  effects  to  heating  the  adjacent  recks  for 
short  distances,  driving  out  som^  of  tno  contained  vjater  and  stimulating 
solution  of  the  contained  .iiinurals.  On  cooling  and  reprecipitation  these 
minerals  will  tend  to  fill  up  some  of  the  pores  of  t^ie  original  ^-ock  and 
the  resultant    rock  ivill  be  harder   and   firm.er   than   before. 

The  acid  rocks   accompanied  by  penetrating  gases   which    themselves 
carry  much   material   in    solution  have   usually  a  more   profound  effect   on   the 
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neighbouring  rocks.      Somo   of    the  materials  in   tho    solution,    beside  T/ater 
or   ste:ini,    arc   Carbon  dioxide,    Chlorine,   Fluorine,    Sulphur,    Phosphorus 
■nd,    of    course,    I'^x-y^^    amounts    of    silica    and    perhaps    s  orae   of    th'ij   felspar 
or  other   silicates.      These    substances   r.iay  react   ^vith    the    oxides   of   the 
invaded   rock  to  forn  new  minerals   or  they  may  be   precipitated   in   the 
country   rock  as   they   were   carried   in  by   the    solution. 

The  effects   on   some    of   the    invaded    couiitry   rocks  tnay  be  noted   here: 

Sandstone  will  likely  have    some   or   all   of    its    interstices   filled  by 
silica  precipitated   from  the   solution   forming  Q^uartzite. 

Shale,  v/hich  has   already  been  noted  as    containing  a   greater  variety 
of    minerals    or    oxides    than    the   other   sedimentary  rocks, lends    itself    to 
the   rossibility   of   the  formation    of   many  new  minerals   as    the  result    of 
the    infiltration  of  magmatic    juices.      Some    of    these  Fxinerals   are   Andalue- 
ite,    Staurolite,    Garnet,    Cyanite,    Tourmaline,    Rutile,    Hornblende,    and 
Felspar, 

Near   the   intrusion    the   shale   may   have   b>j.-n  baked   or   even  partly 
melted  by  the    intrusJ.on,    t;i(-.    outer  zone   of    which    itself  maj''  be  modified 
by   the    inclusion   in    it   of   some   amounts   of   the   melted  and   digested   shale. 
The  hardened   and  baked    slate   near   the    contact   is   called  Hornfels. 

Limestone   near  the    intrusion  may   have    some    of   the    Carbon    dioxide 
driven  from   the    calcite    (CaOrCOp)    with   the   Calcium  Oxide   uniting   vri  th   the 
Silica   to   form  Calcium  Silicate.       The  rest   of  the    limestone   v/ill  tend  to 
be  recrystallized   to   form  '^'^arble.      So-ae    of   the   minerals   associated  with 
the   marble    or    limestone  near   the   contact    are:      V/ollastonite,    Liopside, 
Biotite,    Scapolite,    Tourmaline,    Garnet,    Vesuvianite,    Corundum,      Some   of 
these   are   due   to  minerals    introduced  with   the    injected    solutions   and   so'me 
are   due   to   smiall   amounts   of    impurities    in   the   limestone.      Mud   or   shale    is 
a   common   formi  of   these   impurities   and   the   presence   of  the   Alumina   in 
sm.all   .amounts    in   the  mud  gives   rise    to   much  of  the   alum.inous    content  of 
the   new  formed   minerals. 

It   is  obvious   that   the   minerals   or   elements   which   occur    in  the  magma 
in   the    smiall   amounts   already  noted    in   dealing   with    igneous  rocks   will 
probably  be  available   in  the    Juices   which  are    ejected  fromi  the   meg;n-a   and 
penetrate   the  neighbouring  rock.      Arcong   the  minerals    to  be  found   in   the 
contact   zone,    therefore,    we  might    expect    to   find    comipounds    containing   some 
or   all   of   the  elements    that   were  mentioned    as   being   present    in  greater 
or   siraller  amounts   in   the  magma.      Some   of   these  minerals   aro:    Arsenopyrite, 
Axinite,    Chlorite,    Cyanite,    Epidote,    Fluorite,    Magnetite,    Ivlolybdcnite , 
P:/rite,    Pyrrhotito,   Rutile,    Scapolite,    Specular  H^matito,    Sillimanito. 

The   carbon  dioxide   of    thu   magma  may  be   givun   off  both    whil^   th^  ?nagma 
is   molten   and  v/hile    it    is    solidifying   and   cooling.      The   migration   of  this 
gas    into   the   neighbouring  rock  may    oxtond   one   thousand   feet   or   more   and 
it  m.ay  cause   a   change   of  the   silicates   to   carbonates    in   th>-   rock    that   it 
penetrates.      This    is   especially  noticuablo    in   tho  neighbourhood  of  j)or-^ 
phyries.      The   occurrence   of   carbonate   rocks   so   often  noticod   in  association 
with  gold  bearing  areas   is  not  always    due,    howuv-r,    to   th^    carbon   dioxide 
derived  from  porphyries   as   there    is   evidence    that   tho  gold  bearing    solu- 
tions  themselves   carried   largo  amounts   of  the   gas   which  ^scaped  from   tnc 
Vein   channel  into    the   adjacent  rocks. 
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In   our    discussion   of   geology  up    to   this    point    wo  have  been   coneurnod 
mostly  with    the  rocks   of    the  earth's    crust   and   the   forces   that   act  upon 
them.      The  rocks   arc  made   up    of   minerals   v^hich   in   turn  are  made   up    of 
alumina,    potash,    soda,    lime,    magnesia,    iron   and   silica   and   -    in   the    case 
of  limestone  -    carbon  dioxide.      The   number   of   elements    in  these   oxides   is 
nine    in  all,    including  oxygen,    and  these   elements    in  the   form  of  rock  form- 
ing  minerals  make   up   about   9870   of  the   maturial    visible    in   the   c^arth's 
crust.      The   oth^r    2%   is    made   up   of  the  r^-st   of  the    54    elcm:.nts,    all   of 
them  in  exceedingly  small,    and    some    of    thorn   in   almost   infinitely    small 
proportions.      Under  the   head   of   Ore   Deposits   >re   sh8.11    discuss    the   occur- 
rence  of  some  of    these   less   coni;:ion  elements  and    the  minerals   a'hich  contain 
them. 

From  the  time    that   his  intelligence   first   enabled    him  to   recognize 
the   possibility   of    a    stone   as   a  weapon  or    tool,    man  has   gradually  been 
making  more  and  more  use   of   earth's  m.aterials   as   tools   to  increase   his  ef- 
ficiency or  as   ornaments   to  please   his   fancy. 

At   first   only   the  most   readily   available  materials   were   utilized,    cut 
experience   and   communication  taught   him  that    somie   materials  other    than 
comi'ion   stone  could   be   better   adapted  to  his    purposes.      The  flakliig   of   ob- 
sidian  produced    chips  with  very  sharp   edges  a'hich   gave   him  an    excellent 
cutting    tool   and  the    tougher   flints   n^ade    possible   nev;  types   of   tools    and 
weapons   which  were   much   more    effective    than    those   fashioned   from  ordinary 
stone.      The  flints   did  not  occur    so    widespread  nor    so   abundantly   as   the 
comraon   stone,    but    in   certain   areas   they  :]id  occur   scattered   in   chalk.      B;/ 
weathering   of   the    softer   chalk   the   harder  flints   v/ere   often   accumulated    in 
some  numbers  at   the  foot   of  a    cliff  or   scattered  over   the   surface   of    the 
ground.      This  segregation  trade   the  securing   of    the   flints   somewhat   easier 
and  taug'ht   the  early   collector    the  advantage   of   seeking   for   his    collecting 
grounds   those  places  v/here    there   Y/as  sc   natural    concentration   of   the  mater- 
ials  he  desired, 

Sirice   then  man  has   made  more    and   tiiore  use   of   the  92   elements    of   t;:e 
earth.      Since   altogether   the    elemxents   other   than  those    in    the   rock  forrlrg 
minerals   make   up    only   2%  of   the  earth's   crust,    it    is    evident   that   thi  y 
must  be  very   sparsely   distributed.      In   seeking   them,    man's   problem  has 
been   as    it  v:as  with  the  finite  -    to   find   places    in   the   earth's   crust  "■.•■•''•=.r3 
nature  had  concentrated   the   materials    to    the    extent   that   they  could   :.;ore 
readily   be  recovered.      The  natural    concentrations   of   these   iuinerals,    n^.r- 
ticularly  of   the  metallic    ma.terials,    form  v:hat  we    call   Ore   Deposits. 
There  are,    of    course,    varying   degrees   of   concentration  and   the  term  Ore 
Deposit    is   usually  restricted   to  those   deposits   in  adiich   the  desired 
material  has  been  sufficiently   concentrated  to  make    its   extraction  and  re- 
covery profitable   under   current   economac    conditions. 

In    the   study   of    ore   deposits,    then,    we  will    be   concerned  with  a    stud'.' 
of  the  concentration  and   deposition  of   those  minerals  or  elem^ents  that  man 
has  found  desirp-ble   and  wishes   to   extract  from  the    earth.      In   most   cases 
the   term  ore   deposits   refers    to   the   deposits   of   metallic   minerals,    or    those 
minerals   or"  ores~Trom  which  metals    m-ay  be   obtained.       I]i  addition   to   those 
deposits  whose   end  products   are   non-metallic   materials,    such    as   talc,    as- 
bestos,   limestone.      To  these   is    applied  the    term  non-metallic   deposits. 
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At   this   point   v/e   raay   summarize   some   of    the   conditions  necessary 
for   the   concentration  and   acciiraulation  of   ores   either  from  the   i.^olten 

magma   or  from,   the   solidified  rock, 

(A)  There    is   needed   first  a    concentration  of   the   ore  minerals    in   the 
magma   or    the  rock. 

(B)  There   may  be   needed   some    opening   or   openings    in    the  rock  near  the 
earth's    crust   -here   the    concentrated  minerals   may  be   deposited.      These 
openings,  with   their    contained  deposits,    must   be   near   enough    to   the   pres- 
ent  earth's   surface   that   they  may  be   discovered  and   worked  at  a   profit. 

(A)  Coneentration 

There  are  at  least    two    types   of   v/hat   we   may  call   primary   concentra- 
tion: 

(1)  The    concentration  may  have   taken  place    in    the  rock   while   it    was 
still    i.'iolten   and   the  concentrated  minerals   may  have  been   retained    in 
close   association  with  the  magma   when    it    solidified,  or    it  may  have  been 
ejected   into    other   openings   while   it    (the    concentration)    was    still    in 
solution.      This   may  have  been  before    or  after   the  main  m.ass   of   the  rock 
magma  had  solidified, 

(2)  Concentration  at    the    surface   of    the  earth  may   take   place   as   a  re- 
sult   of   the  weathering   of  "the   eTpolieTFro'cZT      TETs    concentration   may    take 
place   as   a  result    of    the  removal    of   the  undesirable    materials  from   the 
rock,    thus   leaving  the  desirable  minerals  more    concentrated   in   the    resid- 
ual material   left    in  place   on   the   surface.      On    the   other   hand  the    desir- 
able materials    may  be  leached   out   and  carried   in   solution   out    into   the 
waters   of  lakes   or   seas   where  they  may  be  precipitated  in   the  form  of 
fairly  pure   beds   of   valuable   mineral  deposits. 

To  each   of   the   above   types    of   concentration   there   is   possible   also    a 
secondary  concentration,    that   is,    a   later   concentration   of    the  first   con- 
centrates som.e    time  after  the  first   ore  bodies   have   been   formed.      In    some 
cases   the   mineral  deposits   would  not   have  been   rich  enough    to   form   an   ore 
body  vere    it  not   for   this    secondary  concentration  long  after   the    first 
mineral   accumulation  had  been   accoraplishod.      This   secondary   concntrat^ion 
is   usually  brought   about   by   solution   or  solution  and  redeDOsition,    i.e. 
by   leaching   out   of   the  undesirable   materials  from  the   mineral  accumulation 
leaving  the   deposit   richer    in   the  wanted   minerals,    or    by   solution   of   the 
wanted  minerals   from  one  place   and  redeposition   of  TEeu:   in  another  place 
where,   by  this  means,    their  percentage    in   the   mass    is   incroasod   to    the 
point    vihere   the  accumiulation  may  be  rich   enough   to   form  a  vjorkable    i-re 
deposit, 

(B)  Formation  of    openings    to   receive   the   concentrations    of  r.iinerals. 

If   the  concentrations   are   formed  within   the  body  of   the  miagria,    they 
raay   be   ejected   into   the  surrounding  rock.      Usually   the  escape   is  by   some 
rock  fracture   through  which   it  may  flow   into  whatever   openings  may  be 
available.      The' f  ormation  and    character   of  these   openings   will    be 
discussed  later. 


m 
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In   the   section   on   Igneous   Rocks   it  has  already  been  pointed   out   that 
the    igneous  rocks    or   their  magmas   contain,    in  addition  to   the  rock   form- 
ing minerals,    a   great   many  other   elements   in  minor  proportions.      Within 
the  magmas,    in  fact,    ivay  be   found   practically  all    the  metals   that  man 
needs   or   vrants.      In   the   ordinary  rock,    or    indeed  in   the   ordinary  magma, 
the   amounts   of   these  m.inerals    is    so   small   that    it  would  be   only  at   an 
excessive   cost   that  the  mineral   could  be   extracted   from   the   rock.      The 
only   hope   that  there  is    of   recovering    the  me  tallies   from  the   rock   is    that 
there  may  have  been   some   concentration   of  the   minor   or   rarer  elements 
vv'ithin   the  magma.       It    is    fortunate    that   in  many   cases  there   has   been   such 
a   concentration.      One  type   of    concentration  has  already   been   discussed 
under  the  heading   of   freezing    of  Pvlagmas.      Mention  v/as  made   specifically 
of  the    segregation   of   such  substances  as    the   minerals    of   Tin,    Tungsten, 
Ivlolybdenum,    etc.  ,    in   the  very  fluid    solutions    residual   in   the    freezing 
magma,    and   it  was   noted   that  these   solutions   may  have  been  expressed   from 
the  body   of   the  magma   and   injected   into  Pegmatite   dikes.      It  imy  further 
be   recalled   that    it  was  pointed   out    that   the    segregation   of   the"  minerals 
into    this   pegmatite   fluid  v/as    the  first    stage   of  natural    concentration. 
».'^%hen  the   fluid  was    injected   into  the  dike  there  may  have   been    selective 
'.    zories.,    determined  by    conditions   of   temperature   and  pressure,    where    some 
of   the  metallic    minerals  were   precipitated,    thus  giving  the  second   con- 
centration   -   a  concentration   of    the    first   concentrate  within   the    dike, 
Yi/here    this    concentrate    is    sufficiently  rich   to   be  mined  at    a  profit, 'v;e 
have  a   pegmatitic    ore  body   of    Tin,    Tungsten,    i./jlylDdenum  and  so   forth. 

The    concentration   of   the    minerals   associated   with   the   pegmatite 
solutions   will   serve  as   an  example   of    some    of   the    segregations  within   the 
magmas.      It   is  probable    that   in  many   cases   the   concentration   is  not   as 
simple  and  as   direct   as   v:as   described  for    the   pegmatites.         It   may  be 
that  there   is  first   a   differentiation   of    the    silicates   of    the   magm.a   into 
two    or  more    silicate  portions   and   that   one  portion  of   the   silicate  may 
carry   with   it   most   of   the  metals.      Further,    it  may  even   be    that   from  this 
segregated  portion   there    is   a    secondary   segregation   into   tw:^   or  more 
portions   and  that  most    of    ^he   fluid  solutions   containing   the  metallics 
are  associated  ¥/ith   one   or   the    other   of    these  portions.      7rom  this  last 
segregation   the    aqueous    solution  may   finally   separate   and   in   it   will  be 
contained   the   magmatic    juices   with  a    concentration   of   the   mietallic 
mineral  s. 

It    is  possible,    also,    that,    even   as    the   magma  was  freezing,    some  of 
the  magmatic   juices   escaped  with   their    load  of   metallic   minerals   and 
seeped   slowly  from   the    side   or    lower   part   of    the   solidifying  magma  and 
crept  upward  along  the  contact  between   the   upper    solidified  magma   and 
the    country  rock,    there   to   de^;osit   some    of    the  metallic  m.inerals.      This 
type   of    occurrence   may    be   called  a   CONTACT   DEPOSIT. 

In  dealing  with  the  formation   of    the  recks,    it  was  pointed   out   that 
there  were   several   of   the  metallic  elements   which   joined  with  the   oxygen 
to   form  the  rock   forming  minerals   arid   that   the   rest    of   the   elements  wars 
disseminated   in  very  minute   amounts   through  the   magma.      One   of  the  ^'ost 
common  of   these  elements   is   sulphur,    and  it    tends  to  unite  7;ith  many   of 
the   less  common  elements   to  form  sulphides,    even   as    the   rock    forming 
elements   unite  with  oxygen   to   form,  oxides.      The   sulphides,    as    the  mass 
cools,    tend  to  associate   themselves  with   the   aqueous   part   of    the  magma, 
rather   than  with   the   silicate  part. 
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In    some   cases    the    sulphide   association  of   metals   Y/ithin   the  magma  may 
be  very   large   -    so   large,    in  fact,    as   to   form  v^rhat   is   practically  a  rock 
mass   of    its   ov/n,    separated   from,    hut   associated  with,    the   silicate   or 
jrdinary  rock   mass   forming  the  rest   of   the  magma.      In    this    large   sulphide 
mass,    which   has   segregated   from   the  rest    of   the  magma,    the  role    of  v;ater 
is   perhaps   less    important    than   in  the  pegmatite   and   similar   concentrations. 
This    segregation  may  form  of    itself   an  ore  body,    generally   of   very  large 
size.      The   segregated  mass   of  metallic   sulphides  may  remain   in    close   as- 
sociation with   the  rest    of  the  magma,    or    it   may  be   injected   into   dikes 
v;r   other   openings,    just  as   v/ould   the    silicate    part   of   the   rock  magma. 
These    large  masses   of   ores   so    formed   are   knovffl.  as  magmati c   segregations. 
It   is   evident    that   even   the   magmati c    juices    carrying   the   minerals   are  also 
magmatic    segregations,    but    in  c  oninon  use   the    term  generally   implies   a 
segregation   of   the  magma   into  tvro    or   more   portions   of  relatively    large 
size,    and   in  which  water   does  not    have   the   iiiiportant  part   that   it   has-  in 
the  pegHiatitic   type   of   concentration. 

The   copper  nickel   deposits   of   Sudbury  have   been  placed   in    this   class 
of   magmatic    segregation.         The  metals   are    iron,    copper   and  nickel,    v/hich 
have  united   vd  th  sulphur    to    form,  combined  sulphides   of   the    three  metals. 
It    is    a  moot    question  whether   the   segregation   tcnk  place   where    the    associ- 
ated rocks   and   ore  now  stand,    or  whether    the   metallic   sulphides    separated 
out    elsewhere   and   were   injoctod   later   into    the    contact   regions   where   they 
are  nov;  found. 

Another   example    of   magm.atic   segregation  occurs   in  northern  Sweden   at 
Kiruna.      Here,    there   is    an   exceptional! 3^  large  mass   of  iron  ore   in  the 
form  of  magnetite    (oxide   of    iron).      In   place   this   does  not    show  any  graded 
differentiation   from  any   of    the  adjacent  rocks,    but  appears    to   be    in   the 
form,  of  a    dike.      The   magnetite   in  the   dike  must   have  been    injocted  from 
below  and  the  relationships   of   the  m.agnetite   with   the   other    igneous  rocks 
in   the  neighbourhood    strongly    suggest   that   they  were  all   differentiated 
from  the  sarae   raagm.a  and  m.igrated  upward   into    their   present  positions    in   a 
series  of   successive   events,    that   is,    the  magnetite,   by  magm.atic   differ- 
entiation,   is   a    derivative   from  a  magma  v/hich   was   probably  a   common  parent 
to    both   the   magnetite   and   the    porphyries   i.'d.th  which    it   is   associated. 

In  the    preceding   paragraphs   we  have   noted   the    possibility  of    several 
tj'pes   of    concentration   of  metals   or   metallic  minerals   from  the   m.olten 
magma   of  the   igneous   rocks.         Summarizing  these,    \ie   have: 

(1)  The  fairly  simxple    and   direct    concentration  of  magm.atic    juices   '^.th 
their    contained  minerals   ¥\;-ithin   the  body   of  the   magma,    as   exemplified  by 
the   solutions   which  are   later   ejected   ttoough  and   into    the   pegmatite   dikes. 

(2)  The   less   segregated   concentrations   of   the  magmatic    juices,    7/hi  ch  may 
escape,    probably  by  seepage,    from  the    boundaries   of   the  magma,    and  riiay 
creep  up   along    the   contact   of   the   invading  rock  v/ith   the    country  rock, 

(3)  Segregation   through  magmatic    dif  f  erent  iatioii    in  vrhich   the  miagma   dif- 
ferentiates   through  several  phases,    and    in  v;hi  ch   the  metallic  minerals   are 
carried  through   to  the  end   of  the   differentiation  processes  with  one   of 

the    silicate    segregations.      From  this  final   segregation    the  maginatic   juioe 
and   its    content   are   at   last   separated   to  escape  as   oppc;rtunity   offers,    e.^.,-. 
A  granite  may   send   off    a    syenite    differentiate    and   this  may    segregate    into 

lamprophyre   and  porphyry. The    ore   bearing   solutions  may   be   associated  with 
the   porphyry. 
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(4)    Segregation   through  magmatic  differentiation   in  which  one    of   the 
differentiates    is    itself   composed  almost    entirely   of  the   desirable  miner- 
als   -   with  a   relatively   small   proportion   of  associated  water   or    other 
gases,    that    is,    it   is    itself   an    -Te.      This    differentiate  may   nov/   occupy 
the  position  where    it    first    settled    jn   separation   from  the  rest    .f    the 
magma,    or    it   m.ay  have   migrated   t'.    so.me   other  position. 


In    the    two   pages  preceding  we  have   heen   discussing    the  processes   of 
concentrati^on   of  metallic  minerals   from   the   molten   igneous  rock.      We  may 
novj   consider   the  formation   of    some    uf    the   openings   into   which   these    con- 
centrated  solutions   may   migrate   and    in  which    they  may  deposit   some    of 
their  load  of   minerals. 

The  form   of   the   opening    is    Drohahly  a  matter   of    indifference   to   the 
solutions,    so    long  as   it  is   accessible   to    them  and  provided   it  vrill   re- 
main open    to    permit    free   circulation   of    the  fluid.      Some   forms    of   openint'os 
are   discussed  below: 

(a)  The    opening  may  have  been    original    in   the   rock.      Of   this    type    are 
the   small  bubble  holes   in   lava  flows,    the   pores   in  sandstone,    or   the    in- 
terstices   in   a   conglomerate  rock.      In   such   openings   as   these   was   deposited 
much  of   the    copper   of   the  Keweenaw  copper   region  of  Michigan, 

In  a   somewhat   simiilar    class   are   the  bedding  planes   and   laminae   of 
sedimentary  rocks   and   the    partings   of   schists    or   gneisses.      The  name  Bed 
Veins    is    sometimes  given   to    those   deposits   which  are    laid   dov/n  between 
the    beds   of   sedimentary  rock. 

(b)  The    opening   may  have   been   developed  by    solution  previous    to  the  ad- 
vent  of    the   ore    solution.    In   this    class   are    caverns   in    lim.estcne   and   also 
enlarged  bedding   and    joint  pl:\nos    in   the    samu    type    of  rock  and   due   to  th  . 
same   cause. 

(c)  Openings  may  be  developed   structurall>'    in  association  with   the 
features   of   folding   and  faulting. 

Toward    the  apex   of   an   anticline   the  arch   of   each  bed   is   being   pushed 
up  from  beloY;  by   the  general    thrust    of   folding.      This    tends    to    lift   it 
away  from   the  bed  below   it    (at   the   top   of   the  arch)    and   in  many  cases 
actual   open   spaces   are   developed  between   the  beds   at   the   top    jf  the   anti- 
cline.     Furthermore,    the   outside   or   upper  face   of   each   bed    is   under   tensi.n 
and  as   a   result   of   this    tension,    cracks   miay   be   developed   in    the  upper 
surfaces    of   the    beds    in   the   anticline. 

Of   course    these    openings   are    only   developed 
when   the    beds   are    strong  enough   to   transmit 
the    thrust    from   the     incline    to   the    apex 
without    yielding,    i.e.    they  are    strong 
enough   to   bear  their    own  "jeight.    In  add- 
ition  there   must    be   no    intervening  scit 
beds  which   could   be    sq.ueeoed   from   the 
flunks    of   the    anticline    into    the    open- 
ings at    the    top,    thus    closing  them  agtiinst 
the    ore    solutions. 
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These   deposits,    formed  at    the  top  of    an  anticline,    sho-/;  in   cross 
section   some    resemblance    to  a    saddle,    and   for  this  reason  are   sometimes 
called   saddle   reef   deposits.      Deposits   of  this  form  are  found   in  Nova 
Scotia   and  Australia. 

Faults   arc  developed  v/hcn   one   biock   of  rock   in   the    earth's    crust 
moves  with  respect   to    its  nc  iglibouring  block    (pT).l6,17).      If   the  fault 
surface    (the   sujcface   along  which   movement   takes   place)    were   a   perfect 
plane,    there   would  be  only  a  very   narrow;  parting  betvixon    th^   two  blocks 
and   this  parting  vrould   be  partly  filled  by  fragments   of   the   broken   rock, 
either  moderatelj^   large   or   perhaps  ground   tea   fine   powder.      This   rvateria] 
is   called   gouge.      In   the    interstices   of  the  gouge    there  may  be   sufficient 
openings   to  permit    ore   solutions    to  penetrate   and   perchance   to   deposit 
some   ore  minerals. 


Most   of   the   fault  surfaces,    however,    are    irregular   so  that    after 
movement  of  either  block   of  rock   on    the    other   the    opposing   faces   of  the 
two  blocks    v/ill   no   longer    fit   neatly  against   one   another.      The  protruding 
portions   on    the   faces  V7ill  tend  to    hold  the   two   blocks  apart    so   that 
larger  and    irregular  openings   result.      Where    two   protrusions  are   in  con- 
tact,   the   opening   or    cavity   of  the    fault  will   be   constricted,    but   v/here 
the  recesses  of  the  blocks  are   adjacent,    the   openings   will    be   widened. 
This   is    illustrated   in   the   diagrams   below. 


y/'v^'/! 


\y  / . 


YU 


Fig.    2 


In  Figure  1    is   sho^/r^   the   irregular  fault    surface   before  movement    and    in 
Figure    2    is  shovn    the  resulting   relative  positions  of   the  adjacent   fault 
block   faces   after   Block   II  has  moved  do'/ni  along  the  fault   surface.      As   a 
result   of  the    irregularity    of   the   contact    of    the   fault  walls,    thf    opening 
between   them   is    irregular   in  its   outline.      If   the    opening    is   later  filled 
with  ore   bearing    solutions    from  which   ore    is   deposited,    it   is    obvious    '^^A:^X 
the  resulting   ore    deposit   v,lll   swell   and  pinch   along   its    course   in  both 
the   vertical   and  horizontal    directions. 

In  many  cases  the   fault   movement   between    the   tvra    adjacent   blocks  has 
not  been   along   one  surface,    but  has  been   distributed  among  many   surfaces 


forming   a    series   of   more   or  less  parallel  faults  which  may  or  may  not 
have  minor    faults   connecting    them   -   the  whole  forming   a  very  much   broken 
zone   of   irregularly-  parallel   and  retic^ilating  fault   fract-ores.       In   ~his 
fault    zone    the  shattering  and  displacement   of    the   reck  results    in  many 
openings   which   together   offer   the   ore  bearing    solutions   a   wide   zone   for 
migration   and   penetration,    'vvith   the  probability  of   deposition   of   some    of 
the  valuable  minerals    from  the  solu-'ione 
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In  addition  to  these  major  open  in 
e  developed  minor  associated  open 
thin  the  rock  some  distance  from., 
ng.  The  grinding  of  one  block  ag 
cracks  in  the  face  of  the  opposed 
blocks    may   open   tension  or  torsio 


gs  betweei^    the   fault  T/al]-S    there 
ings   either    in   the    fault  wall    itsel: 

though  adjacent    to,    the   fault 
ainst   the    other   ma^y    tend  xc   te?r 

block   and  the   general    thrust    in 
n    cracks   in  the   main  body  of  the 


The  fault  fissure  openings  which  v/e  have  just  discussed  differ  from 
most  of  the  openings  previously  described  in  that  they  usually  have  a 
-endency  to  the  vertical  direction  and  may  penf^trate  to  great  depth.  In 
this  way  they  rrHy  extend  below  to  x.he  places  of  the  original  ore  concen- 
traxions  and  hence  may  serve  as  their  ov/n  feedersc  In  mosi:  of  the  other 
openirigs  the  cavities  where  the  ore  was  finally  deposited  v/are  noo  con-- 
tinuous    to   the    sources   of    the    ore   solution    in   depth. 


the   above    discussion  of    oueninrs    the  assumiition  has   bee: 


were    injected   were   of  tre 

":icns   m_erei:Y    flowed   into 

I 


In   all   of 
that  the   openings    into   which  the   ore    solutions 
present   shape   of    the   ore  body,    and  t'l-^t    the    30I 

and   through  the    cavities   depositing  their  minerals    in    the    cavities  u""t    ^ 
the   openings   were   filled   or   until    the   solutions    stopt:>cd  flowingc      No   groat 
enlargements   of   the    openings  haVkj  been   effected  bj''   the 
of  the   ore   solutions   and  there   m.aj^  have 
the  v^all  rock   of   the    ore   deposits 


been  little   or 


corrosive,   action 
no   r!iodif  ication  of 


There  are   many   cases,    however,    where   the    fif-st   opening   T7as  iiot    as 
large      as   the   present  ore   body,    in  fact   it  may  have   been  represeiited    only 
by  a  minor   fissure   or   channel,    or   even   only  by   an    irregular   line   or   lines 
of  seepage   into   which   the    ore  bearing   solutions  might   penetrate  end   throug- 
v;hi  ch    they  might  migrate.      In   the   migration  of  the  ore   solution   some    of 
its    corrosive  solvents   may  dissolve    the   wall    rock   of   the   channel    and   so 
enlarge  the  original   opening.       In  the   enl.arged   opening   the    ore  minerals 
may  be  deposited  at    this    or   a   later   stage   of   the   injection.      In   other 
cases  the  rock   is  onlj^  partially  dissolved   since   some  of   its   minerals   m-t-.y 
be  more  resistant    than   others.      The   more    soluble   particles   will    be  removed 
and   in    the    openings   thus  made  minerals   fron-.   the    ovq   solution  iijay  be  de- 
posit ed.       In   some   cases   it  would  apt) ear   that  the  rock  mineral  vjas  fii'st 


removed   as  above   and   ore   solution  minerals  deposited   as  above,    but  in   otlia:.* 
cases    it   is  evident   that    the   rock   riiineral   was   replaced   particle  by  part- 
icle by  a  mineral  from  the  ore    solution,    the  removal    of   one  being  effected 
by  the   introduction  of   the    other.      The  replacing  minerals    of  the   ore   solu- 
tion may   be   in    themselves   valuable   or  valueless.      Where   they  are   valuable 
a]id    they   occur   in  sufficient  quantity   they  form  an  oi.'-e  body.      Sinct.   this 
kind   of   deposit    occurs  as  a    result  cf   the  replacement    of    the   minerals   of 
the  original   rock  by    the   ore    minerals   it   is   sometimes  spoken   of  as   a 
"REPLACEIV'El-IT  DEPOSIT".  The  amount    of   replacem„ent   will   depend,    in  part, 

upon  "rare  distance   of   penetration  of   the   ore   solutions    into    the  rock  and 
this    in   turn  will   depend  upon   the   ttxture    of  the   rock.      It    is    obvious 
that   if    the  rock   is   porous   or    schistose   there   ?dll   bo  more   oxtonsive   pene- 
tration than    if   it    is   compact,    hence  the   porous   and   schistose   rocks    lend 
themselves  more   readily  to   the  development   of  replacem.ent    deposits   than 
do    the   more   solid    rocks.      The   degree   of  replacement   will   probablj^  decrease 
gradually  along  the  margins    of  the  replacement   zone   so   that   there  may  be 
no  sharp   wall   to    the  ore   bod  3/-  whose   outer  limits   will  be  determined  by  the 
■losition   of  the   zone    of   lov/est   grade   ore   that    can  be  profitably  worked. 


^.-x..\\_.i_i\_j_i^_-lLi-: 


i    '■■■■■  ^    '     ■■.     \\V^^>^A^1A   ^     "-^       1 


-lVf^^>C 


In    the   last   few  pages   we    have  been   discussing  the   concentration   of 
ore  bearing  solutions   from  molten  raa-imas  and   the   deposition  of  the  ore 
minerals   of  these  solutions    in  different    openings,      7/e  m.ay  now  consider 
the  second   type   of   concentration  -   the   concentration  of  weathered  materi- 
als from  rocks    exposed    at   the   earth's    surface. 


vVhen   rocks   are   weathered  at    tho    earth?  s   surface    they  ma;.'  be  broken 
up   into   fragments   of  the    original   rock,    and    the   fragments  decomposed  in1 


other   kinds   of   minerals, 
insoluble    in  the  surface   wat«^rs. 


Soi'i^  01 

-it, 


these  minerals  arc    soluble    and   some 
Th<.    soluble  material  will    be   carri'-d 


away  in   solution  by   the  running  water   into    tho   rivers,    lakes  and   seas. 
The  insoluble  material  must   be  moved   along  bodily  but    in  time   even   this 
iolid,    fragmental  material    will    be   washed    out    into    the  streams   and  ult- 
iniately  to    the   quieter   water   of   the  lakes   or   seas.      Here    it   will  be   de- 
posited as  a   fragmental   sediment    (clastic  sediment 
v.lll  be   assorted  according    to   its  size   and   weight. 


and  in   its   deposition 


water   to    transport   solid  bodies   is 


dependent 
]2)    the 


The  ability  of  moving 
upon  two   things:     (1)    the   size   and  weight    of    the    solid  particle; 
velocity   of  the  water.      It    is   evident    that    a  large  boulder   i;;ill  not  be 
moved   along  as  readily  as   a   pebble  and   that   a 


easilj'-  as   a  grain  of  sand,    if   these   fragments 


pebble   cannot  be  moved  as 
are   all   of   the    same   materia; 
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If    the  fragments  are    of  different   inateria]-S    the  problem  of  transportation 
factors    is    a  little   more   cornplicated   since   the    relative   weights   of  equal 
sized  particles    (specific   gravity)    as   vv-ell    as  the    relative  sizes   of   the 
fragments  must   be   considered.      For   instgnce,    i  i;  vrould  be  :rxuch  easier    to 
move   a  pebble  of    ordinary    stone    tnan   to  move    a  pebble    of  lead  of  the    seirie 
sir^e.      To  put    the  matter   in  another   form,    a   pebble   of   stone   could  be 
.lOved  as  easily  as   a  much   sm.aller   fragment  of  lead  and   hence   it  follows 
that   the    large   stono    and  th ..  small    grain   of   load  would  be  mov^d  by   the 
same  velocity  of  water   flo7/,    and  dropped  later   at  the   same    time  when    the 
velocity    is  sufficiently    docrcasc.d„ 

If   we    observe   the  character   of   the    stones   on   the  bed   of   a    stream  where 
there  are   some  variations    in    tiie  velocity   of   its   flov/  we   may  notice    that 
where   the  streami   is  very  rapid  all    the   sm.aller   pebbles  are    swept    away  tuid 
only    the    larger   stones   left  undisturbed.      Where   the  velocit:,'    is   lc?/er    the 
pebbles  may  be   dropped   but   the    finer  material    carried  on   still    farther   till 
it  reaches   a  place   vdiere    the  flOT,'   is    so  t-wntle    that   -jvcn    th-~.   sand,  and    mad 
er^   dropped.      Entangled  with  thj  pebbles   there   m^ay  be   some  sand   and  usufi2.1y 
if  wj    oxamine    this  sand   we   vail  find  that    it   is  a  rather    "heavy"   sane, 
taat    is,    it   has   a  high   specific   gravity   so    that   th^   traJisportat ior    factor 
of   the  heavy    sand   is  about   the    same   ae   that    of  the    "lighter"   but   larger 
pebbles.      In   observing    the   differerice    in    size    of   the   pebbles   dropped    ^or 
carried)    in  different   parts   of   the    ctroam,    it    ie   x-atLier    striking    to  notice 
the   great   difference   in  transportation   povrer   vYhi  ch    is    effected   cy  an   Ccp- 
parently  small   difference   in   the  vej^ocitj^  of   tbe   stream^      In   the   faster 
parts   of   the    stream   the   increased   si::e   of  the  transported  pebbles   seems    to 
be   much   out    of  porportion   to    the   increase    in    tiie  velocity   which  was   able 
to   set    them   in  motion.      This  difference   in  proportion    (of   sizes   of  pebbles 
moved   to  velocities   moving  them)     is    ojdite  real    and   not  merely  apparent. 
Careful  measurernxOnt    shov;s    that   the   doubling  of  the  velocity  of    a   stream, 
will   increase    the  size   of   the  particles   it   can   move   by  at   least   sixty 
times   and    that    the    trebling   of   tho  velocity  will   increase   the   transporta- 
tion factor  by   more    than  700    ti'ii'--.s. 

If    it   should  happen    that    along   the   course    of  a    stream  or   in    the  area 
tributary   to    it   there  are   gold  bearing  veins    then   ultimiately  by  weathering 
and  erosion   the  fragments   of    these  veins    will    be    carried  into   the    streair:. 
The  fragmionts  will   likely   consist   largely   of  q^uartz   and    similar  m-inerals 
with  a  very  small    amount  of   gold  particles.      Owing  to    the  abrasive    action 
of  the  gravel   in   the  stream   the    naartz  and   geld  fragmionts   will   likely   be 
further   broken   up   and  ultimately  miost    of    the  gold   freed   from  its   associ- 
ated q.uartz.      Both  gold  and  quartz  v;ill    be    sv/cpt   along  with  the  gravel   of 
the    stream  but  since   a  particle   of   gold   ie  very  heavy  for   its   volume   a 
very   slight  decrease   of  veloeit;'"   will    cause    even  a   s':iall   pai'ticle   of   gold 
to   be    stranded   on    the  bottom.      There    it  will   be  embedded  with  much  larger 
gravel  pebbles  which,    owing  to    their   lower    specific   gravities  have   about 
the   same    transportation  factor  as   the    fine    particles   of  much   heavier  gold. 
Thus   the   gold   parti  clus  vrtiich  were   originally   disseminated    through   t:ie 
quartz   of   onu   or   many  scattored  veins  along    tho   course    of   the   stream  or    in 
the   territory  tributary  to    it   are   nov:  coriC  ..ntrat^-^d    in   the   gravel   of   the 
stream  bed.    "  This   typ^;   of   concentration  is   call-^-d   a   "PLACZER  D3P0S1T", 
Gold  with    its   unusually  high    specific    gravity  o±    16    fo~T9    (afj    Ft   occurs 
in  Veins)     is    tho    mineral  which   n^vrhaps    is    usually    thought  of   as   a   character- 
istic placer   deposit,    but  platinum,    tin      stone   and   other   placr   deposits 
are   also   of  high    economiie    importanceo 
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Although  we   have   used    streaiTi  action  as  an    example  of    the    sorting: 
oo'TOr   ol"  water  with    the    consequent  placet'    corcentration,    it   does  not  follow 
that   concentration  by  vrater   action    is   liriited   to   streams   or  rivers.      V.'here- 
ever   water    is   in  motion  there    is  brought   into  play  this    sortjng   and    segre- 
gating:;  action.      As   an  instance   of  this  we   may  recall  the   action  of   waves 
In  the   sorting   of  gravel    and  sand  along    the  sea    shore    (p„10).      If,    with 
the    gravel    or  general   detrital    :"iatcrial   alonc^    the   shore   lino,  thor  >   should 
be  any  appreciable   amount    of  gold    or   other  valuable  mineral    of   high   specif- 
ic gravity,    th.^  samio   sorting  action    '.hat    segregates    the   gravel  and   the 
sand  v\fill    tend    to   concentrate    -jhe  gold   or    similar  minerals   in  definite 
zones   within   the  gravel  or  sand.      Thus   thure   may  be   developed   shore   line 
placers   similar   in   effect   to   the  strea",i  placers    developed  by  river   or 
creek  action. 

In   discussing  the   dovelopment   of  placer  deposits  we   have  been    con- 
sidering only   the  concentration  of   th'.    fragmental  products  of   the   weatner- 
ing  of  rock,      Some    of  the   dissolv-d  material   may  also   be   concentrated   in 
beds   in  lakes  or   oceans.      One    example   of   this   has  already'-  been   noticed  - 
the  fori.iatien   of  beds  of  limestone  from  line   in   solution   in   the    ocean 
water    (p. 10).       In    this   case    the  weathering    (decomposition)    of  the  rock 
formed   Calciura   Carbonate   from  the    lime  of   the  silicates   in    the   original 
recks  J    which   carbonate   '.'as   carried   in   solution  into    the    sea  where   it   v;as 
later   precipitated   in  various  ways  to  form  limestone.      From   the    other   bases 
of  the   silicate   miinerals    (potash,    soca,    mxagnesia,    iron)    there   may  be 
formed   carbonates   or    other   soluble    compounds,    which,    like   the  lime   carbon- 
ate,   vrill    be   carried  by  the   running   v/ater   away  from   the  -jeathering  reck 
toward  the   lat:es  and   seas.      Some  of    these   seliible    coiiipounds  reach   the    see 
and  there   may  remain   in  solution   in   the    sea  "'^ater   indefinitely    (e,g,    the 
coTim.on  salt  of    the  sea  water)  .      Somie    of   the    soluble   salts,    ho'.Teve^-",    may    be 
pr'::cipi  tated   from    the  v:ater  before   they  reach    the   sea  and  seme   rjsy  be 
th^^own  dov/n  after  they  m.ingle  vjith   the  sea  x^ater.      If   the   nrecipitated 
m_aterial    is   useful  and   is    sufficiently  free  fromi  other   substances,    or    im- 
pun  uies,    Ix  may   form  a   bed   of   ore    that    is  rich   enougli   to   be  worked   at   a 
profi  t,    i.e.    it    is    an   ore  deposit.      Iron  ores,    gypstimx,and   salt  are  some  of 
the  valuable   substances   that   occur    in  deposits   accumulated   from  miaterials 
i^recipitated   from_  solution   in   fresh   or  sea  water c 

It    is   possible    that   at   some    timm   you  ma^^  have    observed  a   small   spring 
of  rather   clear  v/ater   issuing   from  the  ground   and  flowing   into    a   stagnant 
pool    of  dirty  looking   water.      The   bottomi  of  the    pool  was  probably  covered 
with  a  reddish   yellow  slime   and   an   irridescent    filri  floated   on   the    siu-faoe 
of   the  water.      On  a   small   scale    this   (jccurrence   is  a   fairly  good   illustra- 
tion  of  the  process    of    concentration  of   iron  by  the  v;eathering   of   surface 
rocks  and   the  precipitation  of   the  dissolved   material    in   segregated  masses 
in  localized  areas.      The  water  passing   throaigh   the  ground    carried  wi  t;h   it 
some   dissolved   carbon   dioxide,    and  with  its  aid  was  able   to    dissolve   some 
of  the    iron   in    the  f orromagncsian  minerals  of   the   sand,    gravel    or   disiatu- 
grating  rock.      In  solution    the   iron   was    carric^d   th_rougr.  the   ground,   till 
th':,  water  which   carried   it   finally    issued   to    -^he  o-pGn   air  as  a   spring. 
Here   the  water  appears  pure    ,a:id   cl^ar    and  as    such  pours  into    th'..   peel  n':>ar 
it.      In  th'o   pool    the   oxygen   of   the    air  and  the  action   of    small  plants 
serves   to    change  the  soluble    iron   compounds   in   the   water   into   oxhur   iron 
compounds   which  are   not   soluble   in    th^.    -,7ater.      Those    insolubl'^    c:;mpounds 
are  precipitat^..d   to    the  bottom  of    th'..    peel  wlic^re   thv,y  accuimilnte  as   a 
reddish   yellow   sludge. 
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On   a  much  larger    scale  large   areas   of  rocks  rich   in  f erromagnesian 
minerals    (basic   rocks)    iTiay  deliver    to    lakes   or  seas   waters  which   carr^/ 
a  fairly  high  percentage    of    dissolved   iron   compounds.      The   action   of 
oxj^'gen   and   of   bacteria   or  si^all  plants   will  precipitate   the    iron    to   the 
bottom  of  the   lake   or    sea  where    through  many  years   a   thick  bed   of   iron 
deposit  may  accumulate.      Later   this   bed    of  iron   deposit  may  be    covered   by 
layers   of  mud  which   in   time   will   be   turned  to    shale.    We   will    thus  have 
a  deposit    of   iron    interbedded   with   other    sedimentary  units.      The  bed   of 
iron    is   likely  to    be    contaminated   with   m_ud    and   other    sedimentary   impur- 
ities  v;hich,    in  many   cases,    may   so   reduce    the  percentage   of   iron   in   the 
bed  as    to  render   it   useless  as   an   iron   ore.       In   some    cases   evt^n   in    these 
very   impure   deposits   of   iron    there   may,    however,    be   a  further    concentra- 
tion  of    som^e   of   the    iron   within   the  bed   by   the   action   of   circulating 
ground  ?ro.ters.      Such   segregation   of   somie   of   the    iron   into    localized   are.-is 
within  the   larger  beds  may  bring   the    iron  concentration  up   to   the  point 
where    it    becomes   a   Yrorkable    deposit. 

Lxcessive    evaporation   of  the   v/ater    in   restricted   or   confined   seas 
may   serve    to    concentrate   sorae    of   the    dissolved   salts   of   the    sea  water    to 
the    ;ooint    where   the    v/ater    is    saturated  with   them  and   any   further   evapora- 
tion will  bring  about    a  precipitation   of  these    salts.       In   this   -.Tay   there 
hav'j.   beun    form.ed  extensive   deposits   of  gypsum    (calciumx   sulphate),    common 
salt    (sodium  chloride)    and    associated   salts   such   as   some,    of   the    salts   of 
potash  and   magnesia.      Changing   conditions    of    cliraate   or  r.odif ication   of 
the   tributary   drainage   system  may  lat^r  bring  a   deposition  of  mud   in   the 
same   sea,    which  mud  will   ovcrlii:.    th^    deposits   of  gypsum,  or    salt.      Thus 
the   bods   of    salt    or   gypsum  will  lat^r   b>^   found   intorboddcd   with    shale 
or   other   sedimentary  rocks. 

§^^li^^J  GO^^c:.:r to.ation 

Subseq_uent    to   its  formation   an^^  ore   deposit  may  be   subjected   to 
further   alteration   or  rearrangemxent .      This   modification   of   the   ore   deposit 
may   either  remove   sonie    of   the   desirable    minerals  and   so    impoverish  the 
deposit,    or   it   may   serve   to   remove   som.e    of    the   undesirable   minerals  and 
so    increase    the   percentage   of   the  desirable   ^liaterials    in   the    deposit.      In 
otheY~ca~es   the    ore  minerals    of    the    deposit  ;riay  be   removed   from  one  place 
and   concentrated  at   anoth.er.      Such   segregation  of    the    ore    in  localized 
■positions   usually    tends    to   m.ake    the    ore   deposit  more   easily  worked   and 
hi-jnce   more  valuable. 

The  metamorphic  agents   which   wu   consid^^rod   some   time    ago   ar.    som;^- 
times    important   factors    in    chan^ving  the    character   of   ore   bodies,    but    for 
purposes   of    illustration  we   will  discuss  only   the    modifications   brought 
about   by  weathering  and  the    circulation   of   ground  water    in  tjie  upper 
portions    of    the    ore  body.      As   metariiorphi  c  agents   Yie    dismissed  these 
factors   rather   briefly  before    (p. 52)    but   as   agents    in    the  miodif ication 
of  the   upper   zones   of   ore   bodies   they  are   frei^^iently   so   important   that 
they  deserve   so.;.e    consideration   here. 

The   rain   v/ater   w'aich   falls    over  most    of   the    earth   is   either 
(a)     evaporated   from  the    surface   soon  after   it  falls,    or    (b)    runs   off 
directly  in   s\irface  waters   -   brooks   and   rivers   -   or    ( c)     sinks    into    the 
ground  through   which   it    slovAy  seeps  and    circulates  until    at   last    it 
emerges   at   a   lov/er   level    to    join   the    surface   drainage   ori   its   way   to    the 
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sea.      This   percolating  v/ater  v/ith   the  aid   of  other   weathering  agents    is 
an   effective   factor   in  bringing  about   changes   in   the  upper   levels   of    ore 
bodies  which  reach  the    surface   of  the  earth. 

In   the   uppermost  part    of    such   an   ore  body    is    a   section   in   v/hich   the 
rriaterials   of    the    ore  body  are  merely  dampened   by   the   downward   movement 
of    the   rain  water.      At   a  lower   level   and   below  it  the    ore   deposit   and 
the   adjacent   ground   is   water    soaked.       In    the   upper  part   of  this   satiorated 
ground   there    is  a    fairly  active   circulation   of   the    ground  7/ater   which   is 
escaping  from   these  levels   about   as   rapidly  as    it    is    descending   from 
above.      At  lower   and   lower  levels    the   movement   of  the   water  becomes 
slov/er   and    slower  until   at    some    depth   it    is   practically  stagnant.       It   is 
in   tne   upper   levels   of   dampened   minerals  and   circulating  waters    that   the 
modification   of    the    ore   deposit   may   be   initiated  v/hile   the  final    effects 
in  depth   are   probably  noticeable    just  below  the   levels   where  movement 
of  the  r7ater  has    completely   ceased. 


The    cbaracter   of  the   modification   of  the    upner   part   of    the    ore  bod: 
whether   it    is   to  be    impoverished   or   enriched   -   will,    of    course,    depend 
in   part  upon   the    solubility  or  insolubility   of    the  minerals    which   form 
the   desirable   part   of   the   ore   body    (called   the    ore  minerals)    and  also 
the    solubility   or   insolubility  of  the   associated  m.inerals   or  rocic   in 


the    ore  body  v/hich   in   that  particular   ore  body 
less   associated  minerals   or  rock  particles  are 


are  useless,       (Th' 
called  Gangue.) 


use- 


If  the  ore  minerals  are  relatively  insoluble  and  so-me  of  the  gangue 
m.aterial  is  soluble  then  the  leaching  action  of  the  ground  water  seeping 
doiffiiward  through  the  upper  part  of  the  ore  body  will  tend  to  dissolve 
and  reinove  soi.ae  of  the  'undesirable  materials.   This  may  decrease  the 
volume  of  the  general  ore  body  in  these  levels  but  it  v/ill  leave  the 
residue  relatively  richer  in  the  ore  minerals.   In  this  case  the  u.-pj.er-zon.^' 
the  zone  of  SGopage  and  activ--^  circulation  of  ground  water  -  has  become 
a  zone  of  enrichment,  through  the  removal  of  som.e  of  the  gangue  u;aterial 
from  the  ore  body  at  that  level. 

On  the  other  hand,  if  the  ore  minerals  are  soluble,  they  ma~"  be 
leached  from,  the  upper  part  of  the  ore  body  where  the  water  is  seeping 
downward  or  is  in  active  circulation.   This  leaching  will  tring  about  an 
im.poverishment  of  the  upper  levels  but  it  m.ay  be  that  the  ore  m-inerals 
leached  from  these  levels  may  be  deposited  in  somewhat  different  form  in 
the  lower  zones  Ytiere   the  movement  of  the  ground  water  is  lessoned  or 
becomes  stagnant.   The  process  just  described  thus  brings  about  an  im- 
poverishment in  the  upper  levels,  but  an  enrichm.ent  in  the  lov/er  levels 
of  the  zones  of  the  ore  body  which  may  be  effected  by  the  movement  of 
the  ground  water. 
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ORE  DEPOSIT  MINERALS 
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Very  fevir  of    the  metals  of    the   ore   deposits   occur    in   the   free   or  uncom- 
bined  state.      Just  as    the  silicon,    aluminium,,    potassium,    etc.,    of   the  rock 
forming  minerals   were   combined  wi.th  oxygen   to    form  oxide,    so    the   elements 
of   the   ore  deposit  minerals   tend    to   combine  with   oxygen   or   sulphur,    or 
arsenic,    or   some   other  element    to    form  oxides,    sulphides,    arsenides,    or 
other  compounds.      In   some  cases   the  metals    of  the   ore   deposits  may  have 
combined  with   two   of   these,    e.g.    sulphur  and   arsenic,    to   form  a   sulphur- 
arsenic    compound.      This    compound    is   called  the  Sulpharsenide   of   the  metal. 

Using   iron  as  an   example  of  a    metal   occurring   in   the   free   state   or 
combined  with  one  or  more   other  elements   we   have   the  following  possibilities: 


Iron  free  and  uncombined    is    called 

Iron  combined  with  Oxygen  :'  fornB 

"  "  "        Sulphur  " 

"  "  "        Sulphur   and  Arsenic  »' 


Native   Iron 
Iron  Oxide 
Iron  Sulphide 
Iron  Sulpharsenide 


A  number   of  the   metals  occuTx^'ing  in   ore   deposits   are   listed  below,    and 
[  beside  each   is   placed   the  symibol   which,    for   convenience,    we  may  use   in 
further  references   to   the   metal   and    its   compoundSc 


Aluminium 

Antimony 

Arsenic 

Bismuth 

Chromium 

Cobalt 

Copp  er 

Gold 

Iron 

Lead 

Manganese 


(Al) 

(Sb) 

(As) 

(Bi) 

(Cr) 

(CO) 

( Cu)  ( Cuprum) 

(Au) (Aurum) 

(Fe)     (Ferrum) 

(Pb)     (Plumbum) 

(I.ln) 


Mercury  (Kg) 

Molybdenum    (Mo) 


'  Hy  drargyTum=Q,u  i  c  ks  i  Iv  er ) 


Nickel 

Platinum 

Tellurium 

Tia 

Tungsten 

Uranium 

Vanadium 

Zinc 


(Ni) 

(?T,) 

(Te) 

(Sn)     (St, -annum) 

{71  I     (Y\folframium) 

(U   ) 

(V    ) 

(Zn) 
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As  before   mentioned,    these  elenents  may  occur   in  the  unccmbined,  or 
free,    state,    or   in 'combination  with  one    or  more  of  the  elements   Oxygen, 
Sulphur,    Arsenic,    Antimony,    Bismuth,    or   Tellurium,    or   one   or   two   other 
elements. 

For   these  substances   Vife  may  use  the   symbols   listed  below: 

Sulphur      (S   )  Antimony      (Sb)     (Stibium) 

Oxygen         (0   )  Tellurium    (Te) 

Arsenic      (As)  Chlorine      (CI) 

In    the    tables  below  are   shown    some  of   the    types   of  occurrence   in  which 
the  metals  may   be  found; 

(A)  Occurring   in    the  free    or  uncombined    state 

(IjATIVE) 

Copper 

Gold 

Mercury 

Platinum 

Silver 

Silver   and    Gold      (Sometimes   called   Electrum) 

Copper  and   Gold  )    Alloyed   in 

various   proportions 
Copper,    Silver  and   Gold) 

(B)  Occurring    combined  v/ith   one    other  elem.ent     -   Oxygen 

Iron  (Fe)    viith     Oxygen    (0)    formes      Iron   oxides  FSgOg    (Hematite) 

Fe304    (Magnetite) 

Iron   and 

Chromium      ( Cr)       "  "  form  FeCCr^Og    (Chroraite) 

Manganese    (I.In)       "  "  forms     Manganese   oxide     liaO^      (Pyrolusite) 


Many  of   the   metals  may   com.bine  with  Sulphur   or  Arsenic,    of  Antimony, 
alone,    or   with  Sulphur   and  one   of   the   others  mentioned.      This   set   of 
■combinations   will   be   listed    in   the  next   table. 
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(C)    Combining  with  Sulphur,  or  Arsenic,    or    ^yitiy^y---,    or  "^ellurium, 
or  with  Sulphur   dxid   soitic   other    tluien'c 

Copper      (Cu)    forms   Copper   Sulphide  (Cu^^S)  -    Chalcocite 

"  "        Copper  Sulpharsenide    (CusASpSr,)    -   Tennantite      )^ 

■^      Grey 

"  "    Copper  Sulphantimonide  { CueShoSr-l -']I:Vj.r.-:-2iixli.'i.t0.) '^°PP®^ 


Gold 


(Au) 


"    Gold  Telluride 


lAuTe.) 


■Calaverite 


Iron  (Fe)    "  Iron  Sulphide 

"  "  Iron  Sulphide 

"  .  "  Iron  Sulpharsenide 

Lead  (pb)    "  Lead  Sulphide 

Mercury  (Hg)    "  Mercury  Sulphide 


:FeS, 


U^OgSr,/ 


-  Pyrite  or  Marcasite 

-  Pyrrhotito 


vFoAsS)       -   .AL£senopyri_te   or 
Siis-D  i  ckl  e 


:Hgs; 


-   Galena 


Cinne.bar 


Kickel      (Ni; 


"        Nickel    Sulphide 
"        Nickel   Arsenide 


(Nis;  --  Milleritc 

(NiA:i.S)       ••   Niccolite 


Silver      (Ag) 


Silver    Chloride 
Silver   Sulphide 


(AgCl)         -   C e r ar g::/r i t e - E o rn   Silver 
(Ag~o;         '•   irgentite 


"        Silver   Sulphantimonide    (.Ag-ScSr) --  Pvrarg-.Ti  ue)  ^   , 

"        Silver   Sulpharsenide         (Ag3-';i£S;j -■■  Prcu3ti_te      )  Silvers 


Zinc 


Zinc   Sulphide 


:ZnS) 


S'ohalerite 


Listed   in    the  foregoing   table   arc  a    fe^v  or   the   combinations    of   the 
metals   with   some   of  the   other   elements.-       In  addition,    v^e  may  have    two   or 
more   of    the  metals    combining  with   one   or   more   of   "cne   other   elem.ents 
to   form   such  compounds   as: 

Copper  & 

Iron      with  Sulphur   form  Copper  Iron  Sulphide  (CuI'eS^^)  -  Chalcopyrite 

■',.  ;.'■■- 0-  ''      '■      (CUcFeS^J-  "Bornite 


Nickel 
Iron 


with  Sulphur   form  Nickel  Iron  Sulphide  'Ni:5'e3)   -  Pentlandite 
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As   noted  before,    {pp.54  and  55)    some   of  the  mineral    compounds  may  be 
subjected   to   alteration   in   that  part   of   the    ore   body   exposed  near   the 
earth's    surface  where   the   ground  waters    carrying   oxygen   and    carbon  dioxide 
may  attack  the  ores   and   change   their    composition.      The   reactions   of 


oxygen,    carbon 
may  be  noted: 


dioxide   and  water,    with  one    or   two   of   the   sulphide  minerals, 


Pyrite    (Iron  Sulphide 
water  Y/hich    tends    to  take   s 
an   iron  oxide,    Ye^Qg.      This 
hydrated    iron   oxide    called 
oxide  groups   take   up    three 
is  relatively   insoluble   and 
part  of  an   ore  body   below. 
is   knoiTn    to    the   prospector 
an   iron  mineral  below  and  u 
phide. 


acted   on  by   the   oxygen    in    the   ground 
iron  from  the    sulphide   and  to  make 


-   FeSg)     is 
ome  of    the 
unites  v/ith  some   of   the  water   to   make   a 
Limonite.      In    this   compound   two   of   the   iron 
of   water   to    form  2Feg03.5HgO.      This   compound 
may  remain   as   a   capping  on   top   of    the   leached 
It    is   brovfli   or  yellowish-bro^/m  in  colour   and 
as   Gossan,    or    Iron  Hat.       It    is   indicative   of 
sually  this    iron  mineral   was   originally   a   sul- 


The    Copper   of   the   copper   minerals   v/ill    be    sought   out   by   the 
dioxide   of   the   surface  water   and    together   they  will   form  a   coppe 
Depending  upon   the  amount   of  water  which  enters   into   the 
copper   carbonate  mineral   v\fLll   be   Malachite   or  Azurite. 
beautiful  green   colour,    the   latter    blue.  These    copper 

also   relatively   insoluble   and  v/ill   reim  in  at   the   surface 
copper   deposit   to  indicate   by    their   presence    the   probable 
other    copper   minerals    at   lower   levels. 


carbon 
carbonate, 
combination,    the 

The   former  has  a 
carbonates  are 
of   the  weathered 
presence   of 


Having  mentioned   in   the   preceding  pa-ges   a   few  of  the  minerals 
associated  with   ore   deposits,    we   may  now  recast   the    tables    to  give    a  list 
of   the    ore   minerals   associated  Y/ith  different   iietals. 


Gold 


PRECIOUS  METALS 
occurs   native  .(usually  mixed  or  alloyed  with  Copper , Silver), 
"     as  Gold  Telluride  -  CalQverite  (AuTOg) 


(Gold  occurs  in  veins,  generally  associated  with  the  more 
acid  rocks  or  in  placer  deposits) 


Silver    occurs   Native  (sometimes  .alloyed  or  mixed  with  Gold  or  Copper) 

"         "      as  Argentite  -  Silver  Sulphide  (AggS) 

"         "      as  Proustite  and  Pyragyrite  (Ruby  Silvers) 

(Silver  occurs  in  veins,  either  native  or  associated  with 
Galena  or  some  other  minerals  ( Cobalt)  ,  usually  associated 
with  basic  or  intermediate  rocks) 

Platinum  occurs  in  veins  or  placers.   Native,  or  as  Sperrylite. 

(Platinum  is  usuaJ.ly  associated  with  the  more  basic  rocks) 


\v 


The  Metal: 


Occurs   as: 
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BASE  i\/[ETALS 


Aluriiinium  Bauxite 

Cryolite 


AlgOg. 2HgC 
3NaF.;J.F3 


-  a  residual   product   of  r/eatherin^ 

-  a  fluoride   of   Aluniniun  and 
Sodiura  occurring   in  pegmatites 


Copper 


Nativu   netal 

Chalcopyrite    CuFoSg      ) 
CUsFeS.L    ) 


Bornite 
Giialcocite 

Cuprite 

Azuritc 
Maiaciiite 


CUj,S 
Cu„0 


) 


Cu3{0H)g  (CO3; 


-    Copper   Sulphides 


CUg(0H)gC03        ) 


-    Copper   Oxide 

Copper   Carbonates 


Chromiuir 


(Copper  is  usually  associated  with  the  basic 
or  intermediate  rocks,'  It  occurs  in  veins 
or   other   openings.) 


Chromite 


FeO. CrpGo 


-    Iron  and   Chromium  Oxides 


IChromiuri  is  usually  associated  ~ith  basic 
rocks. ) 


cobalt 


Smalt  it e 
Cobaltite 


CoASg 
CoAsS 


-  Cobalt  Arsenide 

-  Cobalt  Sulpharsenide 


Iron 


Lead 


Hematite 

Magnetite 


FegO^ 


Limonlte  2Feg03.3HgO 

IBog   iron   Ore) 


-  Iron  Oxides 


Hydrated  Iron  Oxide. 


(Hematite  and  Magnetite  may  occur  in  veins,  or 
the  latter  as  a  magmatic  segregation.   Bog 
Iron  Ore  occurs  as  sedimentary  beds.) 


Galena 


PbS 


-  Lead  Sulphide 


(Note  frequent  occurrence  of  Silver  or  Zinc 
ores  with  Galena.) 


Manganese    Pyrolusite   MnO, 


Manganese  Oxide. 


■■J-;. 


The  Metal  ■;      Occurs   as; 


61. 


Mercury 


Native  metal   -   associated  v;ith   Silver  and  Gold  as  amalgams. 
Cinnabar  -  HgS  -  Mercury  Sulphide 


Molybdenum       Molybdenite       -  MoSe 


-  Molybdenum  Sulphide 


Nickel 


Tin 


Tungsten 


(Occurring    in  Pegmatite   dikfts  and  veins   in 
granite. ) 


Pentlandite        -  (FeNi)  3 


Garnierite 


-  sulphide  Of   Iron  and  Nickel 

-  Silicate  of  Nickel   and   other 
compound  a 


(Nickel   ores   are   usually  associated  with 
basic   or  ultrabasio  rocks.) 


Cassiterite 
TTm   Stone) 


3n0j 


-  Tin  Oxid« 


Occurs  in  veins  in  granitic  rooka  and 
in  Pegmatites,  and  as  a  placer  deposit.) 


Wolframite 


Oxides   of   Tungsten,    Iron  and 
Manganese 


(Occurs   in  association  with  acid   rocks 
in  veins   and  Pegmatites.) 


Zinc 


Sphalerite 


Zinoite 


-  ZnS 

-  ZnO 


-  Zinc  Sulphide 

-  Zinc  Oxide 


GANGU3  AND  GANGUS  MINERALS 

By  the  term  GANGUE  v;e  mean  all  that  material  in  An   ore  body  v/hich  is 
useless  as  a  source  of  the  desirable  mineral  of  that  ore  body,  but  whichj 
from  its  intimate  association  with  the  ore  minerals,  must  be  extracted 
with  them.   The  gangue  may  include  fragments  of  the  country  rock  and/or 
minerals  which  were  deposited  by  the  ore  solution.   The  most  common  of  the 
latter  is  quartz,  but  in  addition  there  may  bo  Calcito,  Siderite,  and  so 
forth.   Sulphides  also  arc  common  gangue  minerals,  but  in  some  cases  the- 
sulphide  may  carry  part  of  the  values  and  hence  becomes  an  ore  mineral. 
It  may  also  happen  that  a  mineral  which  is  part  of  the  gangue  in  some  ores 
may,  under  different  circumstances,  become  valuable,  and  hence  be  sought 
as  an  ore. 
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HISTORICAL  GEOLOGY 

At   the  bGginning   of   tho   courso   wu  no  tod   the   olonGnts   of  T/hi  ch   the 
earth   Is   conposcd  and    considered   tho    combinations   of   a  for;  of   these 
(eight)    vath  one    another   to  nake   what   v;e    called   the    rock   forning  minerals. 
We   next   considered  the  various  associations   of   these   ninerals  to   forn.   the 
different   kinds   of    igneous  rockS;    -   granite,    syenite,    diorite,    gabbro,    and 
their    relatives.       If   our  planet  ^as  originally   a  molten  mass,    then    the 
original   crust    of   the   cooling  earth  nust   have   been  p.ade   of  these    rocks. 
Weathering    and  erosion   broke    down   tho' original    exposed   rocks   and    trans- 
ported   the    eroded  material   to   the    sea.      Here    the  products   of   erosion  were 
deposited   as    sediments.    -   conglomerate,    sandstone,    shale    and  limestone 
Subsequent  uplifts   of    some  parts   of   the    earth's   crust   and   depressions   of 
other   parts   r.ay  hav-o   exposed  thu    sediments   to   erosion   agencies   and   depos- 
ited their   debris   in   oceans  whi;ch,    at    that   period,    may  have    been  covering 
areas    that   had   formerly  been    dry  land,      'With  all   this   succession   and  alter- 
nation  of   exposure,    weathering,    e^^osion,    and    sedimentation,    it   is   evident 
that   in   the   long  history  of    the  earth   there    could  be  little   chance  of    any 
of    the    original  rocks   of    the    earth's   crust    surviving    to    the   present. 
It  mi  ay   be    that    in   the    depths    of   the   ocean,    or  even   at   some  places  on   the 
continent ,    there   are   still    som.e  reirains  of    the   original    crust,   but  the 
present    continental   areas   have  been    so   worked    over  by  the    agents   mentioned 
above    that    it    is  unlikely   that  any  of   the   primordial   crust    there   survives, 
or  that   it    could   be    identified   if    it    did    so    persist. 

It    is   thus  apparent    that    tho    earliest    records   of  the    earth's   geolog- 
ical  historj^  have   been   destroyed   or  hidden  with  little  hope   that    they  may 
ever   be  found,    and  we   miust    start   our  historical   study  with  the   oldest 
rocks   wo   can  find,    leaving    to    conjoctm-o    the   story  of  the    earth   previous 
to   their   formation. 

In  north  America   the    oldest    rocks   laiov^n  have    their   best    exposures   in 
the  northern   half    of   the    continent   --   the  raost   extensive    distribution  being 
in  Northern   Canada. 

From  the    interpretation  of   these  rocks,    it  v/ould  appear   that   physical 
conditions   of   the    earliest    geological  periods   were, 'in    the  m.ain,    much  as 
they  are   nov;,    and  have    been   in    the    intervening   ages.      There   were   apparently 
continents  and  oceans   and  on  the    rocks   of   the    continent    the   saiue,    never 
ending  agents    of  weathering  and    erosion  v/ere   at  work.      Waters   carried   the 
continental    debris   do\7n   to    the   water  covered   areas   where   they  v/ere   assort- 
ed and   deposited   on   sea   or   lake   floors,  as   gravels,    sand,   irud,    and    calcar- 
eous ooze.      Volcanoes  poured  forth  their   lavas   and   intrusive    rocks   were 
injected   into    the  beds  already  laid   dov/n.      Such  were    the   conditions    obtain- 
ing when   the   oldest   kno'Tn   rocks  were   being   formed.      We   do  not   know  the 
outlines   of   the   continent,    nor   the   limiits   of  the   seas,    but   since  the   rocks 
are    assorted   and   stratified,    we   must    infer  great   areas   of   water   or    seas 
and,    for    the   provision  of   the   debris    to  form   the   sedimionts,    we  must 
postulate    exposed  land   areas   or   continent So 

In  Northern  Ontario    and   Quebec   there   are  many  occurrences  of    these 
early   rocks,    but   in   the   long  long   ages  that   have  elapsed  since   they   were 
formed,    there   have   been   so   m.any  periods   of  uplift   and  folding  and    of 
weathering   and    erosion   that    the    greater  part   of   them  must   have   been   worn 
away.        They  now  appear   in    scattered  patches  which   may   or  may  hot  have 
been   continuous   with  each   other   v/hen   they  were    first   laid    down.      The 
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present    lack   of    continuity  makes  the    correlation  of  many  of   these    isolated 
patches  rather   uncertain,    but   from  their    relationships   to  later  rocks,    v/e 
have  been   led   to    accept   the    correlations   outlined    in   the   following  para- 
graphs. 

In  Q.uebec  and   Eastern  Ontario,    in    the   Ottawa  Valley  region,    is   a  very 
thick  deposit  of   limestone   ani   dolomite   with   some   muddy  and   siliceous   beds. 
These    sediments   have    since  been    altered   to    crystalline  limestone,    gneisses 
and   quartzites,    with        crystalline  lim.estone   predcminatingo      This   series 
of  rocks    is  thought  to    be   the   oldest   of  the   area,    and  to   it    is    given    the 
name    GREITVILLE  SERIES. 

In  Western   Ontario,    to  the   north   of  Lake   Superior,    are   deposits    of 
sediments   which   were   originally   of   a  muddy  nature,    and  which  have   now  been 
altered   to    sedimentary  gneisses   and    schists.      To    these   gneisses  and   schists 
is   given   the  name  COUTGHICHING  SERIES. 

In  Northern   Quebec   and   Ontario,    and  in   V/estern   Ontario    is   a   third 
series    called   the  KEEWATIN.      The  Keewatin   rocks    .are    of    two  kinds   -    sedi- 
mentary and  volcanic.      The    sediments  are    of   two   kinds:     (1)    muddy   and   sandy 
sediments   which   have   been   compacted   and   altered   to    form  greywacke,    quartz- 
•ites,    and    slates    (p. 40);     (2)    banded   iron  formation,    vdiich    consists   of 
bands   of  iron  minerals   -   magnetite,    hematite   or  siderite    (iron   carbonate) 
interbedded  vdth    bands   of   more    or  less   siliceous    sediments.      Some   question 
exists  as    to  the  sedimxOntary   origin  ot    these   interesting   iron   formations, 
but   they  are    here   included  with   the   sedimentary  group   of    the   Keeviratin. 

The  Volcanics    of   the  Keewatin   are    s:^    extensive    in   their    occurrence 
and   make  up  so   large   a  part  of   the    series    that    they   sometimes    seem   to 
entirely   obscure   the   sedimentary  part   of  this  great    succession  of  rocks. 
In   composition   the  volcanic  flows  rarige   from  basic    to    acidic,    but  the 
basic   types  predominatee      From    the  more    acid   eruptions  there    seem  to  have 
been  given   off    from  time   to   time   vast    quantities   of  volcanic   dust    to 
mingle  with    the  other   sediments   as   Tuff.      Many  of   the   flows    seem   to   have 
been  poured   out    into  bodies  of  wat er   whi  1  e  others  may  have   come   to    rest 
on    the   land  where   weathering   agents  disintegrated   and    decomposed   the   rocks 
and  the  resulting   debris   was   carried    into   the  water  to  be   laid    dov.n  as   the 
sediments   previously  described. 

The   volcanic   flows,    basic    or  acidic,    have   been    subjected  to  m.uch 
alteration   since    they  were  poured    forth,    and  the   determination   of   the 
original  mineral    composition   is,    in  most   cases,    a  difficult  matter.      How- 
ever,   the   chloritic    type   of   alteration,    in  most   of  the   fl07/s    is  fairly 
safe  evidence    that    these  flov/s  were    of  basic  rocks    (p,41)    and   in   other 
places   the  presence   of   a    considerable  percentage  of   sericite,    together  with 
residual  quartz,    is    suggestive   of  the   rhyoliicic   nature    of   the   original 
flow. 

In   contrast    to    the  -marked   alteration   of    the  original  mineral   composi- 
tion  of    the   flows,    is    the  (relatively)    very  excellent  preservation  of  the 
grosser  features   of   lava   floYi  structures.      The  vesicular   and   amygdaloidal 
tops    of  the  flows,    the  fragmental   surfaces    caused  by  the   freezing,    flowing 
and   breaking   of    the    cooling  lava,    and  the   floi^  lines   of   the   moving, 
viscous    liquid   are   still    retained   in   a  very  high  percentage  of  the   flows. 
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the  lava   sheets   have   been    tilted   from  their    original  horizont- 
"by   later  earth  movements,    so    that   we   now  see   on   the   surface 
horizontal    sections   which  would   have   been  vertical   sections 
through  the  rocks   as   they  were   originally   laid   down.      Due    to    the   presence 
of   the    features    just    mentioned    it    is   often  quite  possible   to   determine 
which  was    the  upper   and   which  v/as   the   lower   surface   of  lava   flow  when   it 
vras   first   laid   down,    even   though   it  naj''  no's:  bo   tilted   on   edge. 


Most  of 
al  positions 
of  the    earth 


In  addition  to   these   features,    ther<j    is    one  ot 
cQ;ramon  among   the  Kcewatin   lava  flows   -   thi-    pillow  o 
In    the  pillow  structure    the  appearance    is   as    if   a  p 
accumulated  with  sufficient   weight  on   them  to   make 
other    as  much  as  possible    -    th^  pillows   of  an  upper 
selves   alternately  in  position   with   tho  pillov/s   of 
The   ellipsoidal   structure    is  a  modification   of   the 
larger   and   more   influenced   by  floj'  within   the   mass 
being   formed.      The    term   "snoushoe  lava"   has   also   be 
to    this    structure. 


her   t;^'-pe   of   structure 
r   ellipsoidal    structure, 
ile   of  pillows  had  been 
them  crowd    into   each 
layer   adjusting  thom- 
the   layer  beneath   it. 
pillow  with   the  pillows 
as    the    structure   was 
en    rather    aptly   applied 
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Since   the   original   mineral    composition   of   the    rock   has  been    changed 
so  much,    it    is   difficult,    in   the    field,    to   give   exact    identification   to 
most    of   these  rocks.      However,    the   presence   of   high  percentages   of    chlor- 
ite   in   those  volcanics    that  v;ere   originally   basic   gives   to    these   dark 
coloured  rocks   a   greenish    cast   which  has   given   rise    to   the    fairly  useful, 
if   non-coiTHiitbal  name   -   QREELISTONS.      So   common   are   these    types  of  rocks 
in   the   Keev/atin,    and    so   widespread j    if  not   universal,    is   the   use   of    the 
term  greenstone,    as  applied   to    them,    that    in   m.any  minds   the    names   Green- 
stone and  Keewatin   are   almost    synonymous   terms. 

During   the    latter  part   of   the  period    in    vJiich    these    series   of  rocks 
(Grenville,    Coutchiching,    Keewatin)    were   feeing   formed   there  were   probably 
accumulating   great   stresses    in    that   part   of   the   earth's    crust   which   is 
no^w  covered  by   the  northern   half   of   North  America.      The    stresses   finally 
expressed   themselves   in   strong   thrusts   along    the   northwest-southeast 
direction.       In    the    adjustment    of   the    crust   to   these   thrusts   many  of  the 
rocks   were    intensely   folded  and  lifted   out    from   the  water   in  which  they 
had  been  deposited.      Accompanying   the   folding    and  uplift,    and  probably 
in  part    caused  by   it,    there  was   a  great   intrusion   of  granitic   rocks   v/hich 
probably  migrated  up   into    th^   arches  of    the   folds,    englufing  the   lowermost 
bods   and   probably   destroying    completely  the   old  floor   on   7/hich   those   rocks 
had  been  laid  down.      This  uplift   and   granitic    invasion    is   called   the 
Laurontian   revolution. 
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-^       With    the  uplift   of   the   lavas  and   sediments   from  beneath    the   waters 
where   they  had  been   laid   down,    deposition   ceased   in    those  regions   and 
weathering   and    erosion   began  to  attack   the   newly  exposed  rocks.      How  long 
this    period  of  destrxiction   continued   we   do  not   know,    but    it  was   apparently 
of   sufficient    length   to   remove    thousands   of    feet   of   hard  rockg,  and   in 
doing   this    there   was   destroyed  much  of   the   historical   record   that   had  been 
written   in   their  accumulation.      At    last    the  ^iiountains   of    the   Laurentian 
uplift   were  reduced   to    a  flat   or  rolling  plain   and    as   an   end    to    this   phase 
of  the    Garth's   history,    the   worn    domi  land  surfaces   sank  beneath   the   sea, 
thus   bringing   to   a   close   the   first   great    cycle   of  geological   history  that 
we   have  recorded.    This  cycle    includes    the   formation   of   the    series   of   rocks 
first   mentioned,    their  elevation  above    the    sea,    their   subsequent   erosion 
and    destruction,    and   finally   the   subsidence   of   their  remnants   beneath   the 
sea.      We  may  record   this    cycle   as  belo'.;,    vath   the  oldest   part   of   the    cycle 
at   the   bottom!  of  the    columji. 


First   Cycle      ( 


(Subsidence   below  the   sea 

( 

(Erosion  Interval  (removal  of  much  of  the  earlier  rocks) 


(Laurentian  revolution  (uplift  and  intrusion  of  granites) 

( 

(Keewatin,  Cout chiching,  Grenville  (deposition  and  accu'iiulatior 

(  of  rooks) 
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As   the    sea   advanced   over   the    sinking   land    areas   there    began    to   be 
deposited   on   the    old   eroded   surfaces   of  the  worn   dovm   Keewatin  and  Lauren- 
ti^an    rocks    a   new   series    of    sediiaents.      These    began  with        coarser    t.ypes- - 
cong-lomerates ,    sandstones,    arkoses   and   mudd.7    sandstones.    (Arkose    is    a 
sandstone    with   a   higher  percentage    of  felspar   fragments    than   is    found    in 
ordinary    sandstone.)      Continued   sinking   brought    about    also    the    deposition 
of  some    of  the    finer  muds.      Apparently  volcanoes   v^fere    active    during   this 
time    also   for,    mixed   with  the    sandy  muds,    we   find    fairly   thick   accumula- 
tions  of  TOl-canic    dust    -   tuffaceous    beds.      Sometimes   these   are    inter- 
mingled with    the    muds,    and    sometimes   they    fern    continuous   and    fairly  pure 
accumulations    of   the    tuff    or  -''olcanic    dust.      In   places   even  the    lava   flows 
themselves  may   be    found   inttrbedded   with    the    sands   and  muds    of    the    normal 
sediments.      To    this    series    is   applied   the    name    TDvIISIOLLilUG   ("II.:iS:u\I--IAlO . 
These    rocks    are    found    quite   widespread    in  IJorthern    Ont  irio   and   Quebec. 

In  the    Sudbury  District    is     1  series   of  rocks    (the    SUDBURY  Series) 
which,    from  their   relationships    ■go   the    other    rocks    of   the    area, would   seem 
to   be    of  about   the    same   age    as   the    Timiskaming.      Since    the    rocks    of    the 
Timiskaming   Series   are   nowhere    continuous  with    the    rocks    of  the    Sudbury 
Series,    exact    correlation   is    impossible    and   hence    the    two  n-me  s    are    re- 
tained,   one    for    each   of   the    two    series   as   described.      Tne    rocks   of    the 
Sudbury   Series  v;ere    apparently   originally   laid    down   as    sandstones  with   a 
high  quartz    content,    sandstones   with    ,-   high   felspar    content,    and    s^ndy 
muds.      These    rocks   have    since    been    altered   to    quartzites,    tirkoses   and 
greywackes    -  very    simil:ir   rocks    to    those    of    the    Tiiais  koruing. 

During  the    period   of  deposition   of   the    Timiskamian  and    the   Sudburian 
there  was   apparently  very   little    crustal   movement    in  the   part    of    the   world 
we   have   been    considering.      Toward  the    close    of  the    Timistsimian   -   Sudburian 
time,    hov;ever,    the    old    thrust'    along   Kort  hv/e  st-Southeast    direction   seemed 
to  renew   itself,    and   with   much    folding  and  faulting   the    rocks    of   these 
series  were    lifted    out    of   the    sea    und   el-jvat^-d    to    positions   where   weather- 
ing and    erosion   could  attack. them. 
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Accompanying   the    uplift    of  t  h-o   Timisk-:imi;in   and    e;irli6r    rocks    there 
W'iS,    as   at    the    close    of  the   Keev;atin,    -an  invasion   of  granitic    recks    ic- 
cornpanie  d  by  much    smaller   amounts    of   complementary   "bacic    rocks.      To   this 
granitic   iro^asion    is    given   the    ixame   ALSOI'IAlj    and   the    same   name   may    be 
applied   to    the   uplift    and  revolution.      The   Algoraan  invasion     would    seem   to 
hiVe   involved,    or   perpahs   been    caused    by,    an   almost    complete    fusion   of    all 
the    rocks  underlying  the    old  ICeewatin-Timiskamian   seciuence,    sc    that  now 
it    is  very    difficult    to    diff  ei'ent  ia  te    any   of  the    old   Laurent  ian  granite 
from  the  Algoman  grranite   which    succeeded    it    at    a  much    later   time, 

The    Algoman  granite    reached    the   heights    of    its   invasion  under   the 
larger   anticllnial   arches   of  the   Keewat  in-Timiskamian  folds    and    there    came 
to   rest    as   hiige  ,    batholithic  masses-        Toward  the    flanks   of    the    anticline    - 
or   down  on  the    sides   of  the    oatLolith   --   there    were,    apparently,    in   some 
instances      segregations    of    some    of  the    silicates   ox  the   main  m^ss,    giving 
rise    to    syenitic,    dioritic,    ::-.nd    porphyritic    or    lamprophyre   mugmus.      These 
differentiates   at    the    flanks    of  the    bathcliths  were    thus    adjacent    to    the 
s;,'nclinal  members    of  the    folds   and,    whenever   f-iulting    or    fissuring    occurred 
j,n   the    synclinal    section,    there    v;as   a  possibility   that    some    of  these   magmas 
"night  make    their    escape    to    inject    themselves    into    the    beds   above.      Thus   it 
is    that    the    syenite,    diorite,    liiuprophyre    .\nd  porphyry   of  the  Algoman  o.re 
so    frequently   to   be    found  associated  v/i  th  the    synclinal    structures    of    the 
Timiskaraian   or  Timisi-iamian   and  i:eew-\tin.. 

As    soon  as   the    first    sedimerts    of    the    Timiskamian  were    lifted   out    of 
the   water,    the    erosive    forces  must    have   begoti   1:0   wear   away  the  uprising 
rocks,    and    this   erosioa    continued  duiing   their   uplift    and    long   after   it 
had   ceased.      Ovang    to    this  cont  em.poraneous  uplift   and   erosion,    the    post- 
Timiskamian,  or  Algoman,    mountains  may   have    iiever   reached   the    full   height 
suggested,    but    the    attitude    of    the    remnants   novj   observable   v/ould   indicate 
for  these   Algoman  mountains   heights    of  many  thousands   of    feet.      By    the 
post-Algoman   erosion  most    of   these    mountains   were    cut    dov/n   to    a    low   plain 
almost    at   sea   level,    exposing  much    of   the   Algoman   granite    in  the    batho- 
liths   and   leaving  some    remnants    of    the    Tijaiskamiian  and  Ilsewatin   in   the 
synclinal   troughs   and   in   other   ]_ow  or  protected  areas. 

It    is    to  be   noted   that    so   far   as   we    know   there    was   no    land  vegetation 
whatever   during   these    early  periocis    of    the    earth's   history.      There   were 
no    trees  nor  shrubs   nor    grasses    -  not  even  the    lowliest   mosses    to    clothe 
and   protect    the   uplifted  rocks   from  the    agents    of   weathering  and    erosion. 
Under    these    circumstances   disintegration  and   erosion  must    have    been   very 
active,    but  even  v;ith    this    active    erosion  a   very    long   period    of   time    must 
have    been  recfaireo    to  remove    the    'chousands    of   feet    of    conglomera  ues . 
luartzites,    greywackes   and   granites    that    were   w^eathered  and    carried  away 
during    this    period   of   exposure  .- 

The   Algoman  granite    is    of   particular   interest    in   that    it    seems    thxit 
with  it    is   associated  many   of    the    gold    occurrences   of   Ontario    and   Quebec. 
Tiie    more    immediate   association   of   the    gold  usually    seems    to    be   with   the 
porphyry,    diorite    or    syenite    phases   of   the  Algoman.      Since,    as  already 
noted,    these   pl-iases   are   more    likely    to    be    found   in   the    neighbourhood   of 
the    synclinal    sections    the    significance    of   synclinal   structure    to    the 
prospector  is    evident.      Furthermore,    it    is    to   be    noted   that    the    erosion 
of   all   the    ages    since    the    Timiskamian  has   removed  most    of  the    sediments 
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from   the    tops    of  the    batholiths   and   has    Itft    in  the    synclinal   basins    some 
of  the    remnants    of  the    Ti.nisksjuian  and  Keewatin   rocks.      Hence    the    long 
strips   of    sedimentary    formation,    flanked   by   granitic   masses,    art,    indicative 
of    synclinal   structures   and    those    in  turn   are    probable    structures   for    the 
intrusions    of  the    syenite,    diorite,    and  porphyry   segregates   of   the   Algoraan, 
As    the    gold   of  the    Algoman   is   usually   associated  with   the    later   phases   of 
these    segregates,    it  follows    that   the    "sediment  s"  (Timisk'aming)    or  .green-   ^ 
stone    (iCeewatin)    areas   are    favourable    exploratoi^,''   grounds   for   the    pros- 
pe  ct  or  . 

It    is    not    to    be    inferred   th'it    the    geld    of   the    Algoman  is   never   tc    be 
found    in    association  ivith    the    granite    or   gr^nodi  or  ite    bosses,    but    it    is 
meant    to    be    indicated   that    for    the    reasons    given    above    the    long   strips 
of    sediments    or  greenstones,    or   sedi.aents   -md   greenstones,    flanked   by 
Algom-an   granites,    are    favourable    prospecting  grounds. 

Since    the    gold   is    assumed   tc-   be    associuted  with  the   Algoman    intrusives 
it    is    evident    that    gold    of   this    age   might   be    found   in  any   ^f  the    rocks 
which  v/ere    formed  and    in   place    before    that   time,    but,    since    the   Algoman 
invasion  was   completed   by  the    end  of   the    se  c  jnd    cycle    it    is   apparent    that 
no   Algoman  gold   is    to    be    expected   in   any    of  the    rocks   formed   lifter    the 
close    of    this   cycle. 


Following   the    long    erosion  period   of    the    post-Algoman   rex^oluti^n   - 
probably   one    of    the    longest    in    the    earth's   history   -    the    part    ^'f  the    eurth 
which  we    h  ive    been    describing  sank   again   beneath  the    sea,    thus    concluding 
the    second   cycle    of   the    e-^rly  geological  history    <.  f  this   part    of   the 
world.        In    the    table    belijw   is    sumraorized   the    sequence    of    rocks    >- f  the    tv;o 
eye  1  e  s  . 

, Subsidence    belov;    sea   level 

^P'^st-rilgoman   interval    of  erosion 

.Algomin  Revolution   (uplift     .nd   invasion    of   Algcanon    gr.inites) 

fTimiskimi'in-Sudbux  i^in    (sediment  ition  with    some   vclcanic 

ict  iv  ity) 


Second   Cycle 


Subsidence    below    sea   level 

^Post-LiUi-ent  i-i.n   interval   -f    erosion 

.Laurent  ian  Ilevvlutiun    (uplift    and   ini^asi'-'n   cf  Lo-orentian 
First    Cycle  (  gr.nites) 

^IZeewatin   -   C  -utchiching   -   Grenville    ( sedi.jent  ati  on   and 

great    igneous   activity) 
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Xith  the    lovfe?;-ing   of    thd    Ic-nd    cirfaceB    of  p.^s'G   Algoman   time    and    uhe 
subsidence    of   many   cf    tihcs.3    la/id   nnri^.uaE   'be'' uw    io.e   water,    thsre    began 
the   third  great    period    of   dapositi'::!   of   sedimsntS:      The    earlie::    and   lov/er 
sediments    of   this    ti.r.e   nere    of  the    ooerser    Vrind    -    sandstones  a?id    oongD.on- 
erates,    to  be    sucoesded   later   b./  mudd;/    sends   and    e-'"en    limestone    in    the 
deeper  waters    of    the    ].ater   part    of   thj.s    period.      These    rocks   have    since 
been   somawha,t   altered   and    the    scalds -o^ie    n^w   appears   as    q_-uartzite   and    the 
sant?;/-  muds   as   greywacke.      To    this    acc-am\ilat  i  jn   of  rook   is    gi^en   the    name 
BRVOE   SEE  IS  S-      After    some    period    of   subsidence   and   sedimentation  an  up- 
lif'olng  of  :.he    area   and  a   retreat    of  the    seas    brought    the    submerged    rocks 
to    the    surface    end    erosion    bega:j.   to    dcEtroy  and   remove    the    recently   formed 
S(:;dim6ntSo         This  uplift   was   no"o   accom.mn  led   b;y    n  he    strong  mountain 
building   processes  and  granitio   invasions   tha"^'   marked    one  Laurent  ian   and 
Algom.an  uplifts,    but  it   ivas    sufficiently    ^-roat    to   bring  the   Bruce    sedi- 
ments v;ell   above    the   v/aters    in  which   they   had   been    deposited..      Following 
this   period   of  uplift   and  erosion  some    of   the    areas  were   again   depressed 
and  the    advancing   sea   bege^L    to    'i.eposlv    i"S    sediments    or\  the    old   eroded 
surfaces   of    the   Bruce    and  earlier   serier.      The    sequence    of   deposition 
during    this   tiiiie   was   again  much  as   it    was   in  tfcs  formation   of   the   Bruce 
Series.      At    the    oase   weie    laid   d-jwn   coarser    seii.aents,    including   conglom- 
erates  and   sandy   muds,    passing  r.v,   -nto    sandstOxies  :.'=ar   the    top.      To    this 
group   is    gi"en   the   name    COBALT  SEPIES.      The    Bruce   and  Cobalt    Series   are 
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sometiraes   grouped  under   the 
the    LOVifER   HUHOHI.AIJ, 


name   of   HURONIAN 


or.    in   some    olassif  icati  ons 


Following    the    Cobalt   deposition   once    again  an  uplift    caused   a   re- 
cession  of  the    seas   and    the    uplifted    rocks   were    exposed   to    erosion.      As 
at    the   close    of  the   Bruce,    no   great    folding      or   granitic    invasion  accomp- 
anied  this    revolution-      After    a  period   of    erosion   subsidence    lowered  many 
of  the  areas    covered   by  the   Bruce   and   Cobalt    sufficiently   for    the    sea  to 
advance    over   them   once  more    and    to   begin   another   period   of    deposition. 
To   the    sediments   deposited    this    time    is    given   the  nam e -  ANBIIKEAiJ .      In  ad- 
dition  to    the    normal  sediments    of   sandstone    and    shale    -  now    altered   to 
slate    -   are    some    deposits    of   tuff  and    coarser   volcanic    fragments   -   agglom- 
erates. By  some    authors   the   Animikean   is   placed  with  what    is    called 
the    UPPER   HURON  I  AW. 


Post  Animikean   uplift    disturbed    the    attitude    of 
extent,    and   the    recession  of  the    waters   allowed 
exposed   sediments r      On   the 
down.      Owing  to    the 


ments   would  not,    of 
earlier  rocks.      The 
and  eroded   edges   of 
older   series   and  the 


the    bedding   to    some 
erosion   to    begin   on  the 

_-.    eroded    surface   a  new   set    of    sediments   was   laid 

tilting  and  erosion   of  the    older   beds    these    new   sedi- 
Gourse,    conform   to    the   old   bedding  surfaces    of    the 
new  beds  were    laid   dov/n  horizontally   on   the    truncated 
the    older    formation,    so   that    the    separation    of   the 
^x...    .  ..^    newer   series   is   ivell  marked.      Such    a  type    of    contact 

between    two   succeeding   groups    of  rocks   is    spoken   of  as  an  unconformable 
contact   and    there    is    said   to   be    an  unconformity   between  the    rocks   involved 
When  the    unconformity  is    the    result   merely   of    an   uplift    and   period    of 
erosion  between  the    two   sets    of    beds    it    is    called  an   erosion  unconformity, 
since    the    contact    between  the    sets    of   beds    is    along   the   old   eroded    surface 
of  the    lower   set,      When   the    older   set    of   beds   have    been   folded   or    tilted 
before    being    eroded,    then    there    is    a   distinct    difference    in   attitude    be- 
tween the   lov/er   beds   and    the    new  beds   laid  horizontally   on  top   of    the 
eroded  edges    of    the    older   beds.      This    type    of   unconformity    is    called 
a   structizral  unconformity.      It    is    evident    that   a   strongly  marked   erosion 
surface    or   high  degree    of    tilting   in  the    older   beds    is    indicative    of 
long  period   of    time    between   the    deposition   of    the    lower   beds   and   the 
subsequent    laying  down    of    the    beds   above    them.      Thus,    the    degree    of   ' 
formity  at    a   contact    is    a  measure    of   the    length  of   time    that 
between   the    formation   of  the    two   series    of  rocks 
formity   indicating  a   great    lapse    of    time,    and  a 
gesting  a   smaller    lapse    of   time    between  the    formation 
beds   and  the    laying   down   of  the    beds   above    "^^°    -nv^^^vrP, 


a 


the 


uncon- 
has   elapsed 
involved,    a   great    unc on- 
minor  unconformity   sug- 

of    the    lower    set    of 
unco  nf  orma  ble    contact. 


EROSIONAL  UNGOnPORMITIES 
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It    is    evident    that    betvveen    the    rock?    of   the    first    cycle   and   the    rocks  of 
the    second    cycle,    and   again,    between   the    rocks    of  the    second    cycle    and    the 
rocks  which  OTerlay    thera,    there   must    have   been  great   ■onconf  ormit  ie  s . 
Between  the   rocks   of   t  lie    Bruce,    the    Cobalt,    and   the    Animikie    the    unconfomi 
ities   are    less   pr  onovjiced.      Beginning   with   the    oldest    rocks,    as   before, 
we   may    complete    our    table    of  rocks   and  of    sequence    of  events    to    the    close 
of    the    Aniniikean   as   fo].lows; 


(Upper  Huronian)  Animikie 

(  Unconformity 

(Lower   Huroniyn)    Cobalt 


sandstones,    slates,    tuffs,    agglomer- 
ates 


,    Unconformity 
)    Bruc_e 

GREAT   UN  G  OW  ORLII TY 


Second   Cycle      )   Algoman   revolution      -  uplift   and  granitic   intrusion 
)    Tii^iiiskamian-SuduUx  ign 

GREAT  UIJCOLirORI'IITY 

First    Cycle        )   L  dmt  e  nt  ian    r  e  v  o  lut  ion   -  uplift    and    granitic    invasion 
)   Ke e wat in ,    Coutchi chin>5,    Gre nville 


Following  the    uplift    at    the    end    of  Animikean    time    this    cycle   was 
brought    to   a  cj.  ose    by  the    usual    erosion   and    subsidence    to    sea   level. 

The    next    series   of  rocks,    called   the    KEVVEENA'  /AN ,    is    probably   best 
seen   in    its   full    sequence    in   the  Keweenawan   district    of  Northern  Ilichigan, 
Here    the    lovvest    part    of  the    Keweenaw/an  is   marked   by  a   thick   series    of 
coarse    sediments    -•   conglomerates   and    sandstones.      These    rocks  were    probabl 
laid  dovra   in   sha]]..iw   water,    or,    perhaps,    on  flat    lying  land   surfaces. 
The    same   type    of    sedimentation   is    continued   into    the   middle    part    of   the 
Keiveenawan,    buT'    the    importance    of    the    sediments    in   this   middle   part    is 
overshadowed  by  the    presence    of   great   numbers    of  lava   flows,    piled  up    to 
enormous    thicknesses.      The    volcanic    activity  was  most   miirked   at    the 
beginning  o  f  t  h^e    middle    part,    following  v;hich  was   a   period    in   which   sed- 
imentation was   agaiai   important,    and   a   later   period   in  which  there   was   a 
slight    recurrence    of   volcanic   activity.      In    the    upper  Keiveenawan   there   was 
again   a  period  of   lieavy  sedimentation  with   conglomerates   and   sandstones    th 
dominant    types.      These    rocks  make  up   a   total    of  many   thousands   of   feet. 
A  much   smaller  amciint    of  shale    was   laid    davm    betvveen  the    conglomerates  and 
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sandstones . 


The    igneous   rocks    of  the    Kevveenaivan   include    basic,    intermediate,   and 
acidic    types,    but    in  general,    the    basic    rocks   are   much  more    important. 

In  the   Keweenaw  district    the    basic    rocks   appear   as  great  lava   flows 
and   as    intrusives    into   the   underlying  rocks.      These    intrusives    are    in  the 
form  of  dikes,    sheets,    and   laccoliths.      In   other   areas    -   some    far    remote 
from   the    type    localiiby   -   basic    igneous  rocks   are    fairly  abundant    as    dikes, 
sills,    and    laccoliths.      There   may   hax'e    been  many  volcanic    extrusives   also 
in  these    other   areas,    but   if    so    denudation  has   removed   them,    so    that   now, 
the    evidence    of    igneous   activity    is    to   be    found  mostly    in   the    intrusive 
rocks   invading  all  the    earlier   and  lower   series.      So    extensive    is    the 
distribution   of    these   Keweenawan    intrusives   in  Northern    Canada   that    it    is 
doubtful   if    there    could   be    found  many   tov/nships   in  Northern    Ontario    and 
Quebec   that   would  not    show    in  their   geology   one   or  more    of    these    basic 
Keweenawan    dikes. 

The    widespread    occurrence    of    the    basic    igneous   rocks   of   the    Kev;eena- 
wan  and    the    amount    of   lava   poured   out    and  of  intrusive    rocks   injected   into 
the    older   series  marks    the   Keweenawan  \'ulcanism  as    the    most    profound  mi- 
gration of   basic  magmas   since   Keev/atin   time. 

The    basic    rocks    of    this   time    are    of  unusual    economic    i.nportance    in 
that    there    is      associated  with   "^hem  a   large    number    of  mineral    occurrences 
over   a  range   which   probably   extends   from  the    Lake    Superior    district    to    the 
Arctic    ocean.      The    economic    importance    of   these    rocks    can   well   be    apprec- 
iated when    it    is   noted   that    asso-r^.iated  with  them  are    the    following  mineral 
deposit  s; 

Keweenav/an    copper   deposits 

Sudbury   copper-nickel    deposits 

Cobalt    silver   deposits  and,    probably, 

Coppermine-  river   copper   deposits. 


Follov/ing   the    laying   dovm.   of    the    last    of   the    sediments    of    the    upper 
Keweenawan   came    an  uplift    of   the    continent    and   a   retreat    of  the    seas 
which    exposed    to    erosion  practically  all    of    the    North  American    continent 
as  we   now   knoiv  it.        The    iiplift    of    this  great    land   mass,    and    the    withdraw- 
al   of    the    seas,    continued  for  many  ages,    and   when,    at   last,    the    waters   of 
the    ocean   began   to  vjash   over   the   northern    part    of  the    continent,    a  new 
era   in  the    geological  history   of    the    world   had  already   begun. 

During  all    the    long    time    of    the    first    and    second   cycles   and    of   the 
Huronian  and   Keweenawan  periods    there    is    little    indication   of   any  life    in 
the    ocean  waters.      Tov/ard   the    latter    stages    of  the   Animikie   and   the 
Keweenawan   there    is    some    meagre    evidence    of    the    lowlier    organisms,    but 
their  remains   are    too    indefinite    to    be    of  much  use    in  helping   to    classify 
the    recks    in  which   they  are    found.        With   the    invasion   of   the   nev/  sea 
follov/ing  the  Keweenawan   retreat,    there    appeared   in    the    waters   an  abundant 
and   varied   life.      From  now    on,    the    rocks    deposited   by  the   waters   of    the 
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seas  may   be    expected   to    oontain   some   remnants   of  the    plants  and  animals 
that    lived   in  the   oceans   and  these    remnants   -  FOSSILS    -  are    going    to   help 
us   interpret    the    history  of    the    earth.      A  new  voliirae    of   this   earth  history 
may   be    begun  and    the    first    chapter  may   be    labelled,    for   reasons    noted 
later,    as   the    Cambrian. 

To   all    that   great    period   which   had  passed  avmy  before    the    events    of 
the    Cambrian    chapter   began    to   be    recorded   is   given  the  name   PRECAI.IBRIAII, 
and   so,    in  the    summary      of  earth  history   to    the    close    of    the   Keweenawan, 
we    are    using    the    term  Precambrian   to   include   all    those    series   of  rocks 
and   sequences    of   events   frora  the   Keewatin  and   Coutchiching    to   the   Keweena- 
wan. 


PRECAIvIBRIAN 

Keweenav/an 

Unconf  ormity 

(Upper  Huronian)  Ani.nikie 

Unconformity 

Cobalt 

(Lower  Huronian)       Unconformity 

Bruce 

GREAT   UNC  ONFORIvIITY 

Algoman  revolution 

Second    Cycle 

Tjmiskamian-Sudburian 

GREAT  UHCOIgQRI.ilTY 

Laurent  ian    revolut  ion 

First    Cycle 

Keewatin,    Coutchiching,    Grenville 
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It   was   intimated   in  the    closing   paragraphs   of  Precarnbrian  History 
that    the    presenoe    of   life    in  the   post   Keweenawan    seas  would   enable   us    to 
record    the    history    of  the   world   in  terms    of  the    development   of    life.      The 
life   which  first    appeared   in  the    post   Keweenawan   seas  was  varied   and 
moderately  abundant,    but    it   was  all   of  the    invertebrate    type.      During 
the    ages   that    followed   the    character   of  this   invertebrate   life    slowly 
changed  and   as    seas   advanced   on  the    land   and    receded   from   it  again  and 
again,    in  the    ages    to   come,    v;e    find   that    the    various    types   of   invertebrate 
organisms    are    slowly  becoming  more    specialised  and   better  adapted   to  their 
environment.      The    progress   of   this   development    of   life    closely  parallels 
the   progress    of  the   recession  and  advances   of  the    seas. 

V/e    have   noticed   in   the   Precarnbrian   eras    that    great    periods  were    begun 
by  the    advance   of  the    sea   on  the    land  and   were   brou^r^ht    to  a    close    by  the 
recession   of   the    sea   and    the   uplift   of  the    land,    leaving   the    older    rocks 
and    the   rocks   that    had   just    been  deposited  exposed    to    the    action  of 
v^eathering  and    erosion  agents.      Thus,    in  Precarnbrian  time    the   volumes   and 
chapters   of   our   history  were   marked  almost   solely  by  these   physical  events. 
In   the    time  that   follows   from  the    close    of  the   Keweenav/an  to   the   present 
the   physical   events  will   still    serve   as   chronological  markers,    but  within 
the    rocks   there    is    left    an  even  better   record   of    each    of  the   periods   of 
subsidence.      The    character   of  the   life    advances    slowly  at    first,    and  for 
long   periods  none    but   invertebrate    fossils   are    to    be    found    imbedded   in   the 
sediments.        Later,    the    priraitix^e    types   of  marine    vertebrates   -  fishes   - 
began   to    appear.      These,    in  turn,    gave  rise    to  the    amphibian  group   -  a 
group  which   was   beginning   to   learn   to   pass  part    of   its   life    on  the   land. 
The    amJ)hibianswQre  the    first    of  the   vertebrate    foims    to    pass   any   of    their 
period  of  life    on  the    land,    but   it   would   seem  that  as    soon  as  the    vert- 
ebrate   group   left    the    sea   and  made    its   habitat   on   the    land,    there    began 
a  very  rapid   evolution   of    one    group   of  the   vertebrates  -    the   reptiles. 
These    flourished  for  a   long  era,    but    in  their    turn  yielded   dominance    to  a 
still   higher   -   the    mammals.      Based   on   the    character    of  the    dominant    type 
of  fossils,    or   life,    the    post   Precarnbrian    time    is    divided  into    three   great 
eras   -   the   Paleozoio.    when   marine    invertebrates  were    the   most    common  and 
dominant    forms ;    the"  Mesoz  olff ,    when  land  vertebrates  and   land  plants   ap- 
peared,   and    the    dominant  vertebrate    life   was    reptilian;    the    Cenozoic, 
when  the    development    of  vertebrate    lifp    reached  its   climax,    and   the   mamr;.als, 
which  had  begun  their   evolution  in  the    last    of  the   Mesozoic,    assumed   dom- 
inancy  over  all   other   foms.      This   Cenozoic   age   brings  us  up   to    practically 
the   present  position  in   geological  histoiy. 


Before    considering   in  more   detail  the    cycles  mentioned  above,    it 
might    be   well    to   note    the   physical  features    of    the   North  American   contin- 
ent   in   those    times. 

Prom  the  Keweenawan    on   the    outline    of  the    continent   was,    in  the    main, 
'much  as   it    is   now,    with   the    exception   that    it    was    somewhat   wider   in  extent 
on  the    eastern  and  western   sides.      In  the  major    revolutionary   periods   of 
the  Paleozoic,   Mesozoic    and    Cenozoic    the   uplift    of    the    continent   was    ac- 
companied  by  mountain   building   processes   and  great   and  prolonged  withdraw- 
als  of  the    seas.      In   the    periods    of    subsidences    of    these    cycles    the    seas 
invaded    the    continent    but    seldom   completely  covered    it.      It    is   probable 
that   the   floods    in   their   invasions   divided   the    continent    into   an  archi^- 
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pelago-like    mass  with    the    higher  parts   of    the    continents   standing  out   as 
islands    in  the    ini-ading   sea.      During  most    of   the    tine    the   Precambrian 
shield   of  Canada   stood    out    as   the    bulwark  of    the    continent,    but    from   time 
to    time    it,    too,    was   flooded   in  part. 

On  the  western    side    of    the    continent,    where    the   -iocky  Kountains  now 
stand,    and   on  the   eastern    side,    in  the   position   of  the   Appalachians,    w/ere 
two    long,    broad,    and    rather   shallow  troughs   or    depressions.      V/ith   the    ex- 
ception  of    short   periods   of   emergence,    sedimentation   'vas   going   on  almost 
continuously  in  these   troughs,    but   continued  subsidence   kept    the    relative 
depth    of   the    troughs   fairly   constant.      It    is   evident    that    the    subsidence 
of    these    troughs  would  bring   about   a   down  v^urping  of    the    sediments  already 
laid   down   in  them,    so   that    in  form   they   have    the   structure    of  synclines. 
To   ■  auoh   broad,    gentle    synclines   is  given   the  name   Geo  synclines.      The   main 
features   of   the    continent   during   the  Paleozoic   era  are':    The   Pre  Cambrian 
Shield   to   the  north,    the    RooIc^t"  Llountain  geosyncline    on  the   west,    and   the 
Appalachian  geosyncline    on  the    east    of   the    continent.      To   the    north   of    the 
Gulf    of  Mexico   the    interior   of    the    continent   was  low,    and   in  each   of    the 
major    inundations   this   area  was  flooded  at   about    the    same    time   as   the 
ge  osynclines.     At   the    height    of   an  inundation   the   water  o  f  t  he    interior 
sea  might   become   confluent   with  the  waters   of   the    geosynclines  and    the 
waters   of  a  sea  invading  from  the  Arctio  to  the  north.      During  these   times 
the    continent   became  an  archipelago,   with   one   of   the  largest  land  masses 
extending  eastward  from  the   Appalachian  geosynclin*   into  whett  is   now  the 
Atlantic   ocean.     This   now   submerged  land  mass,   which   has  been  called 
Appalachia,    was  responsible   for  much   of  the    continental  debria  which 
helped   to  form  the    sediments   of   the  Appalachian  geosynolint, 

THE  PALEOZOIC  ERA 

On  the  basis    of  the    development    of  life   and  of  the   recessions   and  ad- 
vances of  the   oceans  on  the    land    (diastrophisms)   the   Paleozoic   era  is 
subdivided   into  periods   as   follov/s; 

^Permian 

^Pennsylvanian  -  Upper  Carboniferous   )  iatie  JpaleftZQio 

sub  Era 
iMississippian   -  Lower   Gurboniferous 


Paleozoic   Era 


Devonian  period 


.Silurian    period 


^Ordivician  period  )   Early  Paleozoic 

su^  Era 
.Cambrian  period 

Tiie    rocks   of  the   Paleo:^oic  were    first    studied   in  England   and  Wales, 
and   from  English  and   Welsh  associations    they   were   given  their  names   - 
Cambrian,    from  Cambria,    the    Latin  name  for  Wules;   Ordivician  and   Silurian, 
from  the   Ordovices   and   Silures,    tribes   of  ancient    Britons,    inhabitants   of 
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Wales   and  Devonian  from  Devonshire,    England.      The    Carboniferous   was    given 
its   name    because    of    the    great    coal  deposits  which   are    included   in   it,    and 
the   Permian  from  the    province    of   Perm   in  Russia.        In  North  America    the 
Carboniferous    has   been    divided   into    the    Ilississippian  and   Pennsylvanian 
owing  to  the    exceptional  development    of   the    rocks   of   the   Lower   and  Upper 
Carboniferous   in   these    areas.      The   Pennsylvanian   is    the    period   of    the    coal- 
bearing   beds    in  Worth  A.^erica.      Except    for  some    continental   deposits,    the 
Permian   is   not  well   developed   in  North   America, 

In  North  America   in  post   Keweenawan    time    there   were   probably   three 
great    cycles   of   subsidence   with    deposition  of   sediments   and  revolutionary 
uplift   followed  by  erosion  with    subsequent    reduction  to   sea   level.      The 
first    of    these    cycles  may   be    considered   as    the    Early  Paleozoic,    the    second 
the    later  Paleozoic   and    the    third   the    period   included    in  the   Llesozoic   and 
Cenozoic . 

On  each   major    invasion  of    the     continent    the    seas   advanced  first    into 
the    troughs  mentioned   -    the    Rocky  Mountain  geosyncline    and    the   Appalachian 
geosyncline  ,- and    then   into    the    great    interior  Mississippi   area.      From   time 
to   time    floods   from  the    north    advanced  until  they   met    the   floods   from  the 
south,    and   the    whole    continent,    with  the    exception   of  a  few   islands,    was 
covered   during   these    periods   of   greatest    inundations.      During    the    latter 
part    of    the    Early  Paleozoic,    parts   of  the   Appalachian   geosyncline    began   to 
be    upraised,    and  finally,    v;ith  the    close    of   the    Paleozoic,    this   trough 
v/as    completely  lifted   out    of    the    water  and  the    rocks    in   it   folded   to   make 
what    is   no'w    the   Appalachian  mountain    system^      The    Rocky  Mountain   geosyncline 
persisted   through  the    whole   of    the    Paleozoic   and    on   into    the   Uesozoic. 
This  we    know,    since    rocks   of    that    era   are    found    in   it.      Towards  the    close 
of    the  Mesozoic    the    uplift    of  the     continent    on   the    western  side    involved 
great   mountain  building   processes    in   the   Rocky  Mountain  geosyncline,    and 
by   the    beginning    of  the    Tertiary   the    geosyncline   was   lost    in  the    great 
uplift    of    the   Rocky  Mountains. 

In  the    Early  Paleozoic   all    the    life    of    the    v;orld ,    both  pliant    and 
animal   was,    so  far   as  we    knov;,    restricted   to  the    seas.      The    plant    life   was 
of   the    simplest    type    -  unicellular   plants   and    seaweeds.      The    animal   life 
v;as    of    the   invertebrate    type    and    included    such   forms   as   corals,    sponges, 
echinoderms    (fl.g.    sea   lilies),   molluscs    (snails ,  .'.clams ,    etc.)    arthropods 
(trilobites,    eurypterids,    etc.).      In   all    of    these    groups   there   was   a    con- 
siderable   advanee   from  their   appearance    at    the    beginning   of    the    Cambrian 
to   their   development    as   shov/n  at    the    close    of  the    Silurian.      Some    few 
indications    of  vertebrates   are    to    be    found   in  the    form   of  what    is    probably 
a  primitive    fish    in   the    Ordovician,    with   a   further   development    in    the 
Silurian,    but    the    fish   did  not    achieve    any  marked   evolution  until   the 
Devonian   of    the   Upper  Paleozoic. 

Following    the   revolution  \jhich  mj,rked    the    close    of   the   Early  Paleo- 
zoiTj   a  few  plants   had   begun   to    live    on   land,    probably  at    first    along   the 
damp   shallov/s   adjacent    to    tidal  flats.      In  the    sea    the    fundamental   needs 
of  the    plant    for    food  -   carbon   dioxide   and   water   -  v/ere   universally 
distributed   in  the    medium   in  vi/hich  it    lived.      When    the    plants   began   to 
live    on  land,    hov>/ever,    the    carbon   dioxide    had   to   be    obtained  from  the    air 
above   and    the   water   from  the    ground   below.      This   meant    that    in   order    to 
get    the   water  from  the    ground   to    the    upper   part    of    the    plant   where    the 
carbon   dioxide   v;as   obtained  from  the   air.    there    must    be    developed   some 
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type    of    conductive    or   vascular    tissue    vi/hich    could   carry  the   water   from   the 
root   system   to    the    upper   green  part    of    the    plant.      In   this    part    of    the 
plant,    hy    the    aid    of    sunli^-ht    the    carbon   dioxide   and  water   could    be    elab- 
orated   into   food  for    all    of    the    plart    tissues.      To    carry   the    raanuf actur ed 
:'"ocd   to    other   parts   of    the    plant    Pinilt^r   conduGti-'-e    tissues  were   also   de- 
veloped.     3y   this    t^/pe    of    de'^'elopnent    there   ^naz    soon  e"ol""ed    in  the    land 
plants   a   s;/?.  tera  of    a  new   type    of    cells   formi]!.;-  ^'/ha  t    is    hnov/n   as   a    ''vjs- 
culgr   system". 

This    type   of    conductive    tissue    is    characteristic   of    all   the    trees   and 
hifiher    orders   of  plants  with  which   we   are    f.iriiiliar   today,    but    its   first 
appearance   vvas    in   some    of    the    leer   groups    -    the    ferns,    the    club   mosses 
and   the    horse    tails    (scouring  rush).      These    plants    beg-jn   in  the    Devonian 
but    did   not  reach  their  maximum  de^'elopment    until  the    Carboniferous.      In 
this    period    they    occurred    in  the    swaixips   ^iud   adjacent   low   lying    lands    in 
great    profusion   in   tree -like    forms  reaching   to    heights    of    from    thirty    to 
one    hundred   feet.      Those    parts    of   the    swamps    that    hyve    bean   preserved    in 
conl   beds    cover   hundreds   of   thousands    of    siusre  miles   and   vvidely   distrib- 
uted  throughout    them  are    the    remains    of  these    gigantic   ferns,    club  laosses 
and  horse    tails  . 

To    summarize    the   life    conditions    of  the    .Piileozoic  we   i.iay   note;      In 
the    early  Paleozoic    sub   era    there   v/ere   no    land   plt^nts   and   in  the    sea   there 
were    only   sea  'veeds   and   unicellular   plants. 

Since    there   were    no    land    plants    there    could  be   no   ani.;;al    life    apart 
from   the    oceans    and   other  xvaters  and    the    cjnimbl   life    is   all   marine    or   at 
least    aquatic.      The    dominant    forms   ^lei  e    all   invertebrate   v.;it  h  the    possible 
exception    of  a   primitive    fish -like    form,   in  the    Ordovician    and    Silurian. 

In  the  De'^'onian  of  the  later  Puleozoic  sub  era  land  plants  began  to 
appear  and  by  the  end  of  t'ne  O.^rbcnif erous  lijd  covered  at  least  all  the 
lo'v  lying  ground  vjith  extensi-'-e  forests  of  groups  of  plants  classified  js 
''Vsscular  Cryptogams"  -  the  ferns,  club  mosses  and  horse  tails.  A  plant 
"Cordaites''  int  ermiO  dia  te  between  the  vascular  cryptogams  and  the  conifers 
appears  in  the  late  Carbonif eron.s  as  does  also  a  forer-'unner  of  the  conif- 
ers t  hemsel^'-es.  The  Cordaites  plants  lilie  the  ferns,  etc.,  probabl^,^  grew 
to    a   height    of   one    hundred   feet. 

The   aquatic   in-'-ertebrote    life    of  the    earl./   Pjleozoic   sub    era    contin- 
ued  into    the    li,  te    Pleozoic    sub   era   with  greater    spe  ci  'lization   in   some 
groups   and   the    disappearance    of   some   members   of   other   groups    but    v/ith   no 
really  new  forms    appearing.      The    Devonian  in   some    areas  v;as  marked  by    uhe 
growth   of    extensive    coral    reefs  making  up   a   great    deal   of    the    rock  mass    of 
some    of   the   Devonian   formations. 

The   marine   invertebrates   found   their  first    great    development    in    the 
Devonian  with   the    evolution   of    the    fishes  making  marked   strides.      The   mod- 
ern  type    of   fish  most    coiiimon   in   present    fresl,    or    sea  waters   did  not    develop 
until    later,    but    the    plated   ostracoderms,    the    primitiA^t    s'narks   and   the 
shining   scaled  ganoids    (relatives   of    the    ga r  pike   and    sturgeon)    abounded 
in  the    waturs   of    the    Devonian. 

Tiie    foot    print    of   an   arnphibi.jn   "na  s   been   found    in  Devonian  rocks   and 
in  Carboniferous  and  Permian   times    this    group    reached  a    high   state    of 
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development    both   in  niimbers   and    in  the    sizes    of    some    of  its   representatives. 
The    skeleton   of   one    of   these    animals    is    fifteen    feet    long   with   an   armor 
plated  head  four   feet    long. 

ECONOICIC   PRODUCTS   OF    THE  PALEOZOIC    1^0 CKS 

The   economic   products    of    the    Paleozoic    are   mainly    those    of    the    non 
metallic   group. 

Rocks    for   cement  making    or   building    stone    or   shale    for    brick  making 
ere    obtained  from   some    of   the    formations    of   all    the    periods  mentioned. 
If   the    stone    is    of    indifferent    ^aality   it   may  be   used    only   locally,    but    in 
some    cases    the    rock   has    certain   exceptional   features  vvhich  v;arrant    shipment 
to   points    some  distance    from,   the    place    of   its   occurrence.      Taus    the    Garson- 
Tyndall    stone    of   the    Ordovician   of  Ilanitoba    is  used  at    points   as   far  east 
as   Toronto   and   Ottawa  and    the    Indiana    limestone    from  the   liississippian   of 
Indiana    is    shipped   to  many  distant   points   in    the   United   States  and    Canada. 

Oil   and   natural   gas   of   fine    quality    occur    in   the    Devonian   in  great 
quantities  and   are    to   be    found   in  rocks    of  this   age    separated  as  widaly 
as   from  Port   Norman  en   the   II^cKenzie    river   to   the    fields    of   Kentucky   and 
Oklahoma.      The   Permian   of   parts    of  Texas,    ICansas   and   Oklahoma  also    possess 
great   reserves   of    these   fuels.      In    smaller   quantities    oil    and    gas    occur   in 
the    Ordovician  and    in   still   lesser   quantities    in   localized   areas    in  the 
rocks    of    all    the    other   periods    of   the    post    Cj..ibrian  P'leozoic. 

In   rocks    of    the    Silurian    and   ?ermian    periods   there    are   veiy    important 
deposits   of   gypsum   and   salt. 

Perhaps    the    most    important   economic   product   of   the   Paleozoic   rocks    in 
North  America   is    the    coal    of   the    Pennsylvania  period.      The    coal  fields    of 
this   age    in  the   United   States   and   the    eastern  maritime    provinces   of    Canada 
cover  more    than    200,000    s-^uare   miles.     Most    of    the    coal   is    of    the    bitumin- 
ous variety,    but    in  the    eastern  United  States   there    is   a    relatively    small 
area   of   anthracite.      The    coal    beds    of    the    anthracite   field  v;ere    involved 
in  the    earth  movements   of    the    Aopalachian  mountain  uplift    and  probably   as 
a  result    of    the    heat    generated   in  these    processes  the    bituminous   coals 
were    altered   to   anthracites. 

Smaller   and   unimportant    deposits   of    coal    are    found   also    in   rocks    of 
the   liississippian  and   Permian  periods. 

Iron   ore,  which  at    one    ti  ae   was    quite    important,    occurs   in   the    Clinton 
formation  of  the    Silurian,  but    of    coui'se    the    present    great    production   of 
this   ore    in   the    Lake    Superior   region   has   reduced   the    significance    of    the 
Clinton   ore    at    present. 

Lead  and    zinc   ocour  associated  with    rocks    of  Paleozoic   age    in  the 
central  United   States  and    copper    seems    to    have    an    intimate    association  with 
rocks    of   Carboniferous   age    in   the    states   farther  west,    but    the    ulti,:iate 
sources   of  these   metals   are    probably   to   be    found   in    igneous    rocks    of  later 
peri  ods. 


79. 


TFE  MESO^OIC   ERA 


The  Mesozoio    era   is    divided,   into   three    periods    -   the    Triassic,    the 
Jurassic   and-    the    Cretaoeous.      These    names  'vere    given   by   geologists    in 
Europe    in  which  continent    the    rocics    of   this    era  were    first    intensively 
studie  d . 


The    Triassic    -   the    lovvest    system    of    rocks  and    the    oldest   period    of    the 
Mesozoic    -   is    so    called   on  account    of   the    fact    that    it    is    readily    subdivid- 
ed  into    three    epochs.      The    Jurassic   receives    its   name    because    of    its   excel- 
lent   exposures    in   the    Jura  mountains    of   Prance,    Svi/it  zerland,    and    Germany. 
The    Cretaceous  'vas  given  its  name    on  account    of    tne    thick   chalk  beds 
(.Greta   =   Chalk)    that    occur    in   it.      These    beds   form  tne    famous    chalk   cliffs 
of  England  and   the    chalk  of    the    adjucent    urea    of  Europe.      The    same   names   - 
Triassic,    Jurassic   and    Cretaceous    -   are    applied   to    the    time    periods   and 
corresponding  rock   systems    of    tne   Ilesozoic   of   Uorth  America,    with   the    ex- 
ception  that    some   authors   raise    tc    the    rank   of   a   period   the    time    tnat    in 
Europe    is    assigned 
in  Ilorth  America   is 


to    the    lov/er   Cretaceous.      To   this   int  erpo].at  ed   period 
given    the    name    Com-mchean. 


/lESOSOIG   ERA 
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(Triassic    period 


IJorth  America 
Gretaceo.us   period 
Comanche an  period 
Jurassic   period 
Tritissic   ceriod 


In  North  America   t;ie    ui:ilift    of    th_e    land  mass   at    the    close 


Carboniferous   'vith   the    consequent    complete    '.^/ithdravfal    o 

practically   the    whole    of    the 

period   and    the    early   part    of 

these   times    that  v/e   now  finr' 

sediments    in  the    seas   but    us 

its)    formed   either  where    the 

poured   their   loads   of    detrit-3 

them   out    onto  the    deserts    on 

ive    continental    areas  are    not 


of    the 
the    seas   left 
continent    exposed  during  all   of    the    Permian 
the   mesozoic   era.      Hence  most    of   the    rocks   of 
ei'Tposed    in  IJorth  America  were    not    formed  as 
accumulations    on  the    land    (continental   depos- 
rivers   flov/inp--    ClOviyi  from  the    higher   lands 
1  material    into    temporary    lases   or   spread 
which  they   debouched  and   disappeared.      Extens- 
as   fa^'ourable    for    the    prolific   devtlopmenu 


of  life  as  are  the  oceanic  c^irtas  and  tne  conditions  attending  the  accuiuula- 
uion  of  continental  deposits  do  not  lend  th.emselv^s  to  tae  preservation  of 
the  organic  reL:iains  (fossils)  as  '.veil  as  do  the  oceanic  Bedi..ients.  Hence, 
it  follovi/s  that  in  the  few  Permian  rocks  that  are  preserved  we  do  not  have 
a  very  full  record  of  the  life  of  Perm.ian  time  -  a  significant  period  which 
marks  the  close  of  the  Paleor-oic  era  or  else,  perchance ,  records  the  iiiter- 
val  between    the    Paleozoic    and  "lesoLoic   eras. 


Over  most    of    the    continent    the    conditions    that   prevailed    in  l.'orth 
.america    in  Permian   time   were    continued   into   the    Triassic    -    the    first    ptricd 
of  the   Ilesozoic    era.      In   the    eastern  part    the    old  ^xpoalachian    trough   or 
geo  sync  lint    had  disappeared   in  the    uplift    at    the    close    of    the   Paleozoic 
and   in   its   place    iiad  arisen  the    Appalachian   '^'ighlands.      These   were    boing 
rapidly   broken   up   into    irregular  mountains   by   the    processes   of    erosion 
and   the    erosion  products   of  Triassic    t  L^ie    vicre    being  swt,pt   from   the    ejstcrn 
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side    of    the    highlands   downv/ards    tov;ard   the   Atlantic    ocean.      Much   of    this 
detrital   material  never   reached    the    sea   floor,    but   was    stranded   on  the 
flat    plain  at    the    foot    of    the   plateau,    or    dropped   into    long   valleys   paral- 
lel  the  Atlantic   coast.      These   a  cou  inula  t,  ions    form   the    continental   deposits 
v/hich   are    the    chief   clastic    or    sedimentary   representatives    of    the    Triassic 
in  Eastern  North  America.      In   the    same   region    there   was    considerable    ig- 
neous  activity  resulting   in  some    volcanic    flows  and    in  the    injections    of 
sills    of   basaltic    or    trap    rock   into   the    earlier   sediments.      This  trap    rock 
is    probably  best    known  as    the    rook   of    the    palisades    of   the    Hudson. 

Over   the    rest    of  the    continent,    there   was   no  marked   invasion  of    the 
-ea    in  the    central   part    throughout   the    Triassic,    but    in   the    western   coast 
area    there   was   a   land    depression   toward    the    close    of    the    period,    permitting 
an   in-^asion   of  the    sea  which    left    its    sedi.nents   deposited   along   strips   of 
the    western    coast    extending   from  Alaska,    through  Britisa   Columbia,    to 
California    in   the    south. 

A   general    uplift   at    the     close    of    the    TriaSSic    interrupted    tht;    deposition 
in   this   area,    but    the    advance    of    early  JII:^.k.ojIC   seas   brought    abouo    a   renew- 
al  of    sedimentation   over  much   of    ti:e    sai.ie    region.      Tov'ards   the    close    of 
the    Jurassic    a    strong    thrust   was   developed   along   a  northeast-southwest 
line    on  the    Pacific    side    of  the    continent   which    lift-^d   up  much  of    the 
western    coast   area,    and    brought    about   the    initiation   of    the    Sierra-Nevada, 
the    Cascade,    and   the    Coast    3  ,rv_-,e   mountains.      Accompanying   this    general 
revolution   in    the    west    there   were    great    intrusions   and    extrusions   of    ig- 
neous  rocks,    largely   of   granitic    type.      La.ter    erosion   b^  s    exjtosed  m--ny   of 
the    intrusions    in    tne    form  of    bosses   and   large    batholithic  masses    in   those 
western    regions   most    affected   by  the    revolution.        The    igneous   intrusions 
of    this    time   are    probably   responsible    for   the    introduction   of   much   of   the 
metallic    deposits   now  worked   in   British   Columbia   ^nd    the   Wusttrn  United 

Qui  u  'j  o  » 

In   the    eastern  part    of   tlie    continent    there   ivas   little    or   no   submergence 
in   Jurassic    time,    and    the    upraised   land    continued    to    be    subjected   to 
erosion. 

The   uplift    of   the    western   side    of    the    cortinent   at    the    close    of   the 
Jurassic   vi/as   followed   in   the   early  GRETnCTiiQUS    (Comanchean)    by  .an    im'asion 
of    the    southern   sea    from  the    'lulf    <)f  liexico   iiorthwestward.      In  Is  ter    Cret- 
aceous  a    lowering   of   the    central    land   mass   fjllovied   this    sea   to   extend 
northward   till   finally   it   made    a   cont  imxous   body   of   v/ater  from  the    region 
of   the    G-ulf    of  Mexico    to   the   Mackenzie    delta.      In   ar.  east    and   west    direc- 
tion  this    sea,    at    its  maximur^i,    extended   frci.i  the    Rocky  I'ountain   btlt    to 
the    border   of    the    Canadian    shield,    and    it    covered  most    of   \vhat    is   novi/   the 
prairie    pro^/inces   and    states.  At    different     ti.aes    arid    places    trie   watei 

in  this    inland   body  varied   from  fresh   to   brackish  to    salt.      Along  the 
western  margin   of   the    sea    in   its   fresh   or  brackish  stages    -   or   areas    - 
there   were    formed   some    immense    coastal   swaiVips   fromivhich  have    been    formed 
the    great    coal    deposits    of    the   .H.lberta    foothills   and   ivestern  plains.      In 
addition   to    the    coal    deposits   of    definite    Crttaceous    age   are    some    others 
in  the    Rocky  Ivrount  ai.n  area   which   were    for.ned    in   an    interior    boay    cf  wat-^r 
which   existed   in   either   late   Jurassic    or  early  Cretaceous   time.      TheSe   ar. 
called   the    Kootenai    coal  for.nations   and   to    tr.em  belongs    the    coul   of    the 
Crowsnest    field    in  British  Columbia. 

Toward    the    gIosu    of    tht    Orutactoat    in    both   North   and    South  A.nerica    an 
uplift   v/ith   some    thrusting  3long    the    southwest-northeast    direction, 
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eluvattjd   the    groat   rnass    of   the   Andes   and    the    Hookj  Ilountains.      In  North 
A.-ierica   the    Hoeky  Kountain     uplift    brought    up   all    the   rocks   that,    v;ith 
slightly   interrupted   sucoessions,    h-jd    been    accumulating   in  the    Rocky 
Mountain  geosyncline    from   the    beginning    of  the   Paleozoic    to   the    close    of 
the   Mesozoic.      These    rocks    .ire    nov;   lifted  high   above    sea   level   and   are   v/ull 
exposed  along   the    sides   of    the    deep   trenches  and   valleys    that   have    been 
excised   by  post    Crct-iceous    erosion.      The    s  ime    erosion  assisterl   by   faulting 
-iction  has   dissected   the   uplifted   1  ;nd   to   forni    the    lofty    isolated  pe  iks 
of   the   Andean  ivnd  Rocky  Kount  lin  ranges.      This    uplift   may  be    considered    .s 
the    feature    which    brings    to    i    close    the   Ilesozoic    j.nt   introduces   the    next 
era    -  The    Cenozoic. 

T?:::  caNo^oic  era 

On  the  basis  of  the  development  of  life  during  this  time  the  Cenozoic 
is  subdivided  as  indicated  below: 


/Quaternary 


(Recent 
Pleistocene  (Glacial) 


MESOSOIC  ERA         (  (Pliocene 

(Kiocene 


Tertiary 


,01igocene 
(Eocene 


In  North   A.ierica   the    ui>lift    of    the    ivestern  part    of    the    continent    at 
Lhe    close    of    the    Cretaceous    brought    about    a   general    retreat    of    the   v/aters 
of   the    great    inland    sea  already   referred   to.      P^rts   of    the    western  area, 
hoivever,    were    at    first    so  low    or    so    poorly    drained   that   they  were    covered 
with   large    sheets    of  water    into    which  the    erosional    debris   from   the   newly 
uplifted  land  was  washed.      These    inland   bodies   of  water   favored   the    forma- 
tion  of   great   svi/aiaps    and    from    these   v/ere    formed  another    set    of   ccal    (or 
lignite)    deposits.      The    later   co'jI    beds    of  Alberta   and   of   Southern   S.isk- 
atchewan  were    formed   from   these    Tertiary  swainps.      Similar   swamps    in 
interior   basis   in  British  Columbia   and    the   Yukon  were    responsible    for   some 
of  the    coal    of    those    areas. 

During  all    of    Tcrtioiry   time    there   was    considerable    igneous   activity 
throughout    V/estern  America.      The   uiost   pronounced  manifestation   of  this 
activity  is    probably    to  be    found    in  the    great    succession   of  lava   flows  and 
ash  beds   in   the    western  United  States.      In   ./asiiingt  on,    Oregon,    Idaho,    and 
California   lava   flov/s   and   ^-olcanic   ash   beds  are    piled  up   to   a   thickness 
approx  iiiia  ting  ^000   feet   and    coverin^-^    an  area   of  from    200,000    to   300,000 
square   miles.      Entombed   in   some    of  these    accumulations    are    the    remains   of 
some   of  the    old    forests    of    t'lat    time,    caught    and   buried   in    the    standing 
position   by    the    great   falls    of   ash   or   the    flows    of   lavj.      In  the  Yellow- 
stone  National  Park  may    be    seen  j    succession   of    seventeen   of  these    petrif- 
ied forests    one    above    the    other   js   each  was    buried   by  the    uccumulition   of 
one    stage    of   Vulcanism   'jnd    succeeded   by   a   new   forest    built    on  the    fertile 
soil   of  the   volcanic   products   >vhich   had   aire  ;dy  buried    its   predecessor. 
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;arly   Tertiary, 
^- „    its   r.iaxi.auiii    ir:    fne   Kiocsne   and    is    corit  inuirifj;   to    the    pres- 
ent   time.      In  Europe    there   ivas   less   volcanic    actix-ity   but    in  India    the 
whole    of    the  Deocan  plateau   is   underlain    o,/  basaltic    rocks    of    this    age. 
In   some    places   these    trap    rocks   reach    a   thickness   of   10,000   feet. 

The    great    elevations    of   land  masses,    which   began   in   the   ilesozoic, 
continued   through  the    Tertiary  and    in  some    parts    of  the    world   have    probably 
been  maintained   to    the    present    tine.      Throu_nout    the    v>;orld   the    Tertiary 
seems    to    have   been    a  period    of   great   mountain   building  movements   for   in   it 
were    initiated   or    continued    che    elevations   vmioh   gave    rise    to    the    l-toc;:ics, 
the    Andes,    the   Alps,    ths   .  Aj^^ennines.    the    Caucasus,    and    the   Himalayas. 

These    great    elevations    of   It.rA   masses    of  the    whole    world   can  hardly 
be    said    to    have    ended   the    Genozoic   era,    for   it    is    probable    that    some   elev- 
ation is   still   going   on  and   the    Genozoic   has  not   yet   been    brought    to    its 
jlose.      The    ivide    extent    of   land   masses    conse.Tuent    on    the  uplift  may,    hov;- 
ever,    have    had  pronounced   effects    in   the  modif ication   of   climate   which 
have    been   developed   in  the    later   part    of  the    era.      During  most    of    tae 
Tertiary    the    cli.x-iate   would   seem   to    have    been  mild   and   fairly  uniform  from 
pole    to   pole.      Following    the    general   uplift    cf   the    continents,    however, 
the    temperatures    of    the    land   areas   at    least    began    to   drop   appreciably    jnd 
as  a   result    there   was   developed   in  Pleistocene    time    onu    of    tht    groat    ice 
ages   of   the   xvorld   -  an   ice   age   which  we   nay   believe    is    still  v'ith  us. 
Further   discussion  of    this    ice    age   v/iii  bo    dofcrrcd   till   li^.tor. 

The   life    of    the   Hesozoic  and    Tertiary 

Since    it    is    largely   on   the    basis    of    the    life    of   these    eras   that    the 
subdivisions   of   the    eras   are    based,     ve   will   notice    briefly   some    of    the 
characteristic   features    of    the    life    of    these    ti.nes. 

Plant   Life.      At    the    close    of   the    Paleo.^oic    the    great    forests    of    the 
Carboniferous    were    characterized   'oj  the    doiainance    of    such   plants   as    the 
giant    horsetails,    club   mosses   and   ferns   -   the    vascular   cryptogams,      Tome 
of    the    g;/ranosperms  were   vvcll   developed  and   a   fe"7  of    the    true    conifers   hud 
appeared.      In  the    early  Iltisozoic    the    same   general    types    of  plant    liiu    v/^ro 
continued   but    in  the    Cretaceous    of    the    later  liesoz  oic   a   change    in   thv.    lana 
vegetation  ivas   produced   by  the    appearance    of    the    broad   leaved  flowering 
plants    -   the   Angiosperms.      "Before    the    olose    of   the    Cretaceous    there    nad 
developed   some    representati^^es    of   such   '-veil   known  modern   forms  as    the    palm, 
willow,    beech,    birch,    and   poplar. 

Cxrasses.      Beginning   in   the    e-:^rlj   Tertiary  and    developing  rapidly   there 
fevolved    "   a   very   important   group    of  the    flowering  plants   -    the    grasses. 
This    group   of  plants   is    probably   the   most    essential   of  all    plants   to   the 
modern   type    of   mammalian  life   -    including  man.      In   it  are    included  all 
the    grasses    on  which    the    grazing  group    of   domestic   and   iviid  anim.alslive 
and   in  it   also    are    the    cereal   grains,    sach  as  wheat,    oats   and   so    forth, 
and  such   other   plants   as    the    sugar   cane    .and    bo:mboo.      The    grosses  may   h  .-"e 
started   in  the   moister   parts    of    the    e  trth,    but    they  rapidly   spre  ;d    o-r-or 
the    interior   parts   of    the    continents   and   soon  were    abl^.    to    cover,    :s   they 
do   now,    even  the    semi   .irid  plains   of   oil    ohe    continents.      Tiie    cfiuct    of 
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'.his  new  type  of  vegetation  on  the  development  and  spread  of  mammalian  life 
on  the  continent  is  to  be  noted  in  the  evolution  of  the  horse,  the  ox  and 
similar  types  and  is^  reflected  in  the  modification  of  the  food  habits  of 
the  hiiman  race,  particularly  in  the  temperate  regions  of  the  earth. 

Animal  Life.    There  was  considerable  modification  in  the  various  groups 
of  aquatic  invertebrates  from  the  Paleozoic  through  the  Mesozoic  and  Ter- 
tiary, but  the  most  striking  phenomenon  of  the  later  eras  is  the  develop- 
ment of  the  vertebrates. 

The  amphibians  had  reached  a  dominant  position  in  the  Permian  and 
continued  into  the  Triassic  as  a  very  important  group,  but  their  dominance 
was  yielding  to  a  higher  race  -  the  reptiles.   Some  reptilian  remains  have 
been  found  in  the  Permian,  but  it  was  not  imtil  the  Triassic  that  divers- 
ification in  form  and  increase  in  numbers  rendered  them  supreme  in  the 
animal  world.   This  supremacy  was  maintained  throughout  the  Jurassic  and 
Cretaceous  periods.   Strange  modifications  and  adaptations  were  developed 
in  this  group  during  the  Mesozoic  era.   The  reptiles,  descendants  from 
forms  which,  through  their  probable  ancestors,  the  amphibians,  came  i-from 
the  sea,  now  took  possession  of  the  swamps  and  adjacent  land  areas.   In 
this  environraent  they  developed  bodies  adapted  to  life  on  the  earth  with 
the  support  of  the  body  dependent  on  limbs.   In  most  of  the  land  types 
there  were  four  legs  present  ,  but  in  one  gro^^p  -  the  dinosaurs  -  some  of 
the  race,  even  at  an  early  period  in  their  history,  had  experimented  with 
and  developed  the  bipedal  habit.   Though  the  front  legs  of  this  group  were 
never  completely  lost,  the  continued  lack  of  use  in  the  carnivorous  divis- 
ion of  the  dinosaurs  caused  the  fore  legs  to  be  diminished  to  absurdly 
small  dimensions  . 

Departing  from  the  land  habitat,  some  of  the  reptiles  learned  to  take 
to  the  air,  and  developed  body,  wings,  and  tail  suggestive  of  some  of  the 
earlier  birds.   The  body,  of  course,  was  not  covered  with  feathers,  and 
the  wings  were  v/eb  like,  but  they  were  distinctly  creatures  of  the  air 
with  powerful  wings  capable  of  sustained  flight.   It  is  interesting  to  note 
that  at  the  height  of  their  development  the  flying  reptiles  were  toothless 
even  as  the  birds  developing  later  became  toothless  in  their  time. 

Other  groups  of  the  reptiles  r'iturned  to  the  sea  or  water  from  v/hich 
the  amphibians  had  originally  come  and  in  this  medium  modified  the  shape 
of  the  body  to  resemble  either  fishes  or  aquatic  birds. 

It  is  evident  that  with  all  these  modifications  the  reptiles  must  have 
developed  very  rapidly  vathin  the  Mesozoic.   There  were  some  smaller  forms 
appearing  throughout  the  time,  but  some  groups  -  particularly  the  Dinosaurs 
developed  to  enormous  sizes.   Before  the  close  of  the  era  the  reptiles 
dominated  the  land,  the  sea  and  the  air. 

Although  the  reptiles  were  the  dominant  group  of  the  Mesozoic  some 
of  the  higher  warm  blooded  vertebrates  were  beginning  to  appear  as  early 
as  the  Jurassic.   In  the  rocks  of  this  period  have  been  found  the  remains 
of  the  first  known  birds  -  Archaeopteryx  and  Archaeornis  -  and  in  the 
Cretaceous  are  found  the  fossils  of  two  other  birds.   The  first  birds  'vere 
primitive  in  that  they  still  had  a  reptilian  tail  and  they  had  jaws  with 
teeth  but  they  were  feathered  -  a  feature  suggesting  warm  blooded  ani.aals  - 
and  they  were  distinctly  birds. 
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The    mammals    (the    warm  blnoded   group   of   vertebrates  whose    body   is    cov- 
ered by  an    insulating  coat    of   hair,    fur,    or  wool,    and   who   suckle    their 
young)    are   represented   in   the   Ilesozoic   by   some    fragmentary   remains   v;hich 
indicate    some   very   primitive   members    of   this    group.      The    primitive   mammals 
of  the   Llesozoic   are,    however,    a   foreshadowing   Of   the    very   rapid  and  wide- 
spread development    of  the   next    era.      \7hether   it   was   due   to    the   wider   range 
of  habitat   made   possible    by   the    constant    temperature    of    the  body,    thermo- 
statically maintained,    or    t  o   the    greater   care   which  members   of    this   group 
give    to    their  young,    or  to    their  greater   ease    of    adaptability   to    changes 
of    environment,    v;e   may  not   be    sure,    but    in  any   case    this    type    of  vertebrate 
rapidly   replaced    the    enormous   reptiles    of  the    Ilesozoic,    and,    in   the    Tertiary 
and   the   Pleistosene    brought    to    their  present    position   of  world  dominance 
"che   various  members    (including  man)    of   the   mammalian   class. 

EGOHOMIG   PRODUCTS    OF    TES  inCSOZOIC   AITO    TERTIARY 

The -economic   products   of  the   Mesozoic   and   Tertiary  may   be    listed  under 
two   headings: 

(a)  Those    of    sedimentary    formation,    v\/hich  were    either   laid   dovm  when  the 
sediments  \Nere   being  deposited,    or  \.vere    formed   later   by    some   modification 
of  some    of    the    materials   laid   down  with   the    sediments    (e.g.    Coal,    Oil,    and 
Natural    Gas).      The    less  modified   sedimentary   economic  products   include    such 
materials   as   Building   Stone,    Gypsum,    Salt   and    such  material   as   rock  for 
cement    or  brick  making      ;  ■ 

In  addition   to    the    non  metallics,    there   must    be    included  with  the 
sedimentary   group    the    very   important    placer   deposits    of  the    Cordilleran  and 
Yukon-Alaska   areas. 

(b)  Those    deposits  which   vvere    formed  from   ore    bearing   solutions   brought 
into  rocks    of   earlier   or  approximately   contemporaneous   age    by    igneous   in- 
trusions   of  Mesozcic   or  Tertiary    times, 

THE  HOH  I.IETALLICS    01'  LIES  01. 01 C  iillD    TERTIARY 

We   roay    consider   first    those    prioducts    of    group    (a)    which  fall    into  the 
non  metallic   section. 

BUILDING   STONE:      Although  much   of  the    rock   of   the   Ilesozoic  and   Tertiary 
is   as   yet   unconsolidated,    there   are    some    stones    of   these    eras  which  find 
local   uses   near   their    places    of    occurrence.      Exceptional  to    this  more    or 
less    local  utilization   is    the    former  use    of  the    "3rov;nst one''    of   the   Triqs- 
sic,    which   at    one    time    had   considerable    vogue    in  the    eastern  Uuited   Si.ates. 
Tne    ''trap"    rock    or   basaltic   rock   of    the    same    eastern  region   forms   an  excel- 
lent   road  metal. 

BENT ONI TE:    Bentonite    is    a   very    colloidal    clay   formed  by   the    action   of 
water   on  the  volcanic    ash  washed    into    the    seas  and   lakes   of  Llesozoic  and 
Tertiary    times.      It    finds   considerable    use    in   x^arious    industries,    but    is 
perhaps    even  more    important,    in   that,  in   disseminated   form,  it    is   probably 
the    base    of  the    most    productive    soils    of    the    prairie    provinces  and   states. 
On   account    of  its    colloidal    properties,    it    has   been  effective    in   impounding 
and   retaining  for   ages   the    humus   and  mineral   salts   that    plants  need  for 
their  growth.      The    same    properties   help   the    soil   to    retain  moisture,    under 
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'.:en-i -arid   conditions    of   cli/.iate.    for   a  much   longer    ti;ne    than  would   be   pos- 
sible   with   a    less    colloidal  type    of    soil,      Tr.is    feature   makes   possible    the 
production   of   grain   crops    in  soniv^    parts    of    the    west   vhere    the    annual  pre- 
cipita';ion  is   so    low  that    other   Dypes   of    soil  would  support    only   desert 
A'-e^rctat  ion, 

GYPSUM:    Gypsum    occurs    in   l.eds    of   Triassic    a^^e    and    is   rained   or   quarried 
in   several    of  the    western   and  northern  states    (Llontana ,    South  Da^.ota, 
''Vyoming  and  llevada)- 

SiiLT;    Salt    occurs    in  various    ^riassr.c   fomiations   and    is    of    considerable 
iripor'ja'nce    in   Germany o 

GCAL:    Coal   is    one    of    the    most    important    economic  products    of    the  Heso- 
ij  0  i  c   a  nd   T  c  r  t  if .  r  y , 

^.riav^sic-:    A   small   amount    of   Triussic   coal   occurs    in  Virginia,    but 
■."•_ere    ', o   none    of  much    Importance    in  the    rest    uf  North  America^ 

Jurassic -.    Coal   of   Jurassic   age,    though   not    found   in  Ilorth  America, 
occurs    in   important   deposits    in  Europe   and  Ar-tia    (Sib-^ria,    China,    India), 

Crctc'oeor.s:    The    cna^s    of    Cretaceous   age    are    second    in   importance    to 
those    o:_'    the    Carboniferous  <      They   occur   v;idespread    in   the    western    interior 
and    the    've  stern   coast   areas    of  Can;ida    and   the   United   States, 

In   Canada    the    coals    of   the    Vancouver   and   Queen   Charlotte    Island   fields 
are    of    this  age   as   are    those    of   "she    Zootenai    (Cro'wsnest)    and   Peace   River 
areas,      A   small   amount    occurs    in   Sashat chev;an  and    in  Alberta   the    Creta.ceous 
•:oals    occur   in  many  and    thick  beds    in  the    eastern  Rockies   and    in   the    foot- 
-lills   and  plains    to    the    east    of  them.      They  underlie   a 'Wide    belt    extending 
from  naav   Calgary  northward    to    the    Smoky  and  Peace    river   districts-    In 
qut^lity    the    coal  varies   from,  a    lignite    to   a    semi   anthracite    in    those    parts 
of   the    fields  ivhere    the    coal  beds   have    been    im^olved   in  the   Rocky  Ilountain 
uplif  u , 

Tert  iary:    The    Tertiary    coal   is   mostly    of    the    lignite   variety.      Coal 
daposits    of    this   age   are    found    in    the    Gulf   Coast   region   and   in    the    states 
adjaceno    to   the  Rocky  Mountains    in  the  Unitec!    States.      In   Canada   r,he;r   ccci.r 
in  southern  Saskatcheivan,    in  Alberta.    British   Columbia   and    the   Yukon. 

OIL  aWD   GAS: 

Gre^aceor.s:      Oil   and   Gas   of   high   grade   are    found    in   Cretaceous    strata 
in  '•fexico   and  the    adjoining   Gulf   Coast    region   of    the  United   States,      The 
deposits   occur   also    in    the   Rocky  Mountain   states   through  New  Mexico, 
Colorado,    Y/yoming,    and  Montana,    into   the    province    of   Alberta    in  the   Domin- 
ion  of   Cariida, 

Tertiary:      It    has   been    estimated   that    about    one    half   the    world's    sup- 
ply  of   oil   is    derived  from  rocks   of  Tertiary    age.      Geographically   the    oil 
fields   of    the    Tertiary   yre   widely   distributed.      In   the    eastern  hemm.sphere 
Tertiary. oils   are    produced   i]i   the   Dutch   East    Indies,    Southeast   Russia,    and 
iumania,      xn   the   western  hemisphere    the    production    is   from.  California, 
Peru  and   the    areas    in   both   North  and    South   t^merica   odj:icent    to    the    Gulf   of 
liexico . 
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Oil   shiiles   of    the   Terti:iry    of  great    extent    are    also    potentiil   sources 
of    supply  when    economic    conditions   nay  vifarrant    their   utilization. 

THE  LIETaLS    OF    THE   IIESOZOIC   AW   TERTIARY 

The    great    invasions    of    igneous   rocks    in  western  America  which  were    so 
pronounced   in   Jurassic   and   early   Cretaceous,    and    in   Tertiary   times  were    of 
varied  nature    over   the    wide    areas   in  wiiich   they   intruded   the    earlier   roc-is. 
Hence,    it    is,  .    that    the    ore    bearing   solutions   which   accompanied   or   fol- 

lowed  these    intrusions   are    of    different    character   in  different    parts    of 
the    Cordilleran  region   of   North  America.      The    ores   deposited  by    the    ore 
bearing   solutions  usually    carry   some    amounts   of    each   of  the    metals  mention- 
ed  later,    but   the    percentages   and  values    of  each  vary   from   region  to    region, 
Depending   largely  upon   the    metal   for   which    the    ore    is  mined,    the    deposits 
may  be    classed   as-.    Gold,    Gold-Copper,    Gold-Silver,    Copper,    Silver-Lead-Sinc , 
with  the    metals    content,    as  mentioned   before,    varying  with    the    character 
of    the    igneous   rock  with  which    the    ore    seems  to    be   associated. 

It    is   difficult    in  a   short    space    to    specify  and   differentiate    the    ore 
deposits    derived  from  igneous   bodies   of  the    Ilesozoic   from   those    of   the 
Tertiary   but    in   general    it   may  be    said   that   most    of    the    gold,    copper, 
silver   and   lead   deposits    of   the    Cordilleran   region  v;ere    introduced  by 
Jurassic-Cretacous   intrusions  v;ith  minor  amounts   brought    in   by  Tertiary 
invasions    of  the    earlier    rocks.      The    deposits    of    the    coast    range    batholiths 
and   some    of    the    gold    of    the    Sierra  Jlevada   of   California  are    probably   of 
Kesozoic    age,    while   the    gold  occurrences   of   Cripple    Creek,    Colorado   and   of 
Tonapah,    Nevada    seom    to   be    associat.d  with    intrusions    of   Tertiary  age. 

The    erosion   of   Tertiary    time    in  the    Cordilleran    region  and    in  the 
Yukon   plateau  was   responsible    for    the    wearing   dov;n    of  much    of  the   uplifted 
and   exposed  rocks   of  the  Hesozoic   and   perhaps    of    the    early  Tertiary    time. 
The    gold  veins    in  these    rocks   suffered   the    same    erosion  as   the    including 
rocks   but    the    insoluble    gold   was   not    carried   av/ay   in  solution  and  was   left 
to  acciunulate   with   the    fragmental,    detrital  material   of   the    veins   and   en- 
closing rocks.      v7ith  this   material   it    was   ultimately  vrashed    into    the 
streams  which   were    dissecting    the    uplifted  regions.      Most    of   the    lighter 
detritus  was   carried   on  tov/ard   the    sea   by   current    action  of  the    streams, 
I  but    much  or  most    of    the    gold,    on   account    of    its   high    specific   gravity,    was 
stranded    in   the    beds    of   the    creeks    or  rix^ers   as    they    cut    deeper    and   deeper. 
These    concentrations    of   fragmental  gold    in   the    bottoms    of  the    streams   form 
the    placer   deposits   of   the    Cordilleran  and  Yukon   regions    (page    32).      Some 
of    these    placers   liave    been    covered   by   later   lava   flows   and    some    have    oeen 
removed   by  glacial   action,    but    some    have    remained   undisturbed  under   the 
stagnant   bottom   ice    of   the    deeper  valley  glaciers.      The    latter   deposits 
|have    been  discovered  v;ith  little    difficulty.      Some    of   them   occur   in   the 
'present    stream  gravels   and   some    of    them    in   the    higher   benches    of   the   vcil- 
leys,    benches  which   represent    old   stream  bottoms  when   the    stream  was   flow- 
ing at    higher   levels   before    it    had   cut    below    these   valley   floors   to    its 
present    level.      The    placer   deposits    covered  by   the    lava   flows   havj    been, 
in  many   cases,    discovered  and   exploited  by  piercing    the    lava   vvhich    cov.^rs 
them,    and    it    is    probable    th^t    still    others  may  yet    be    found   below   lava 
flows   or   belov/    the    glacial    dubris  v/hich    in   some     jlaces   cover   them. 
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THE   PLEISTOCENE   OR    GLAGIaL  PEi^IOS 

The    latter   part   of    the    Cenozoio   has   been  marked   b/  a   great    elevation 
of   all    the    loiown   continental  masses    of  the    world.      Accompanying   this   wide- 
spread  elevation  and    extensive    land    exposure,    there   was   a   distinct    change 
of  world   climate.      Throughout   most    of  geological    ti.ie    the    climate   would 
seem   to    be   moderately  warm   over    the    whole   world,    with  no  marked   subdivis- 

'  ions    into    climatic    zones   such   as   are    now   evident    ®n   the    earth.      In   only  a 
few   instances,    apparently,    has    the    moderate    climate    of    the    earth   been 
interrupted   by   colder   intervals,    and    it    would    seem   that    these    intervals 
occurred  at    times  when  relatively   large    land   areas   vjere    exposed.      The  more 
important    of    these    colder   periods  ivere    in   the    Timiskamian,    the    Huronian, 

■the   Keweeuawan-Cambrian,    the    Permo   Carboniferous    and    the   Pleistocene.      Each 
of   these    colder   periods  was  marked  by   the    development    in   some   part    of   the 
G-'arth    of  great    continental    ice    caps    stxoh   as  now   coxier   Greenland  and  Antarct- 
ica.     Little  mention  has   been  made    of    the    glacial    periods    of    the    earlier 
geological   eras,    but    since    the    Pleistocene    period   is    still   vvit  h  us,    and 
since    the    glaciers    of  this   age    are    responsible    for    so   many   of    the    topo- 
graphic  features   of   the    northern  part    of   Ilorth  America,    we   will    spend   some 
time    on  a    consideration   of   its   features.      This   last    glaciation   doubtless 
has   had  a  marked   effect    on   the    development    of  mammalian   life    in  the   northern 
hemisphere    and    the    economic   effects   are   very   important,    but    the    present 
more    obvious  manifestations    are    in   the    surface    sculptoring   of   those   areas 
covered   by   the    glacier,    and   we   will    consider  particularly   those    effecttd 
in  North  America  v;here    practically    the    whole    of   Canada   and   the    northern 
part    of  the   United   States  were    covered    by   ice    in   the    last    glacial   period. 

In   the    long  ages    of  geological   history    of    this   northern  area   there 
have    been  many  forces   at   work   in  moulding  and    carving   its   surface.      The    pro- 
found  influence    of    even    the    oldest    of  these    is   still  manifest    in    the   major 
physiographic    features   of   the    country,    but  most    of   the    local    and   superfic- 
ial  characteristics  are    due    to   the    effects    of   the    glacial   ice    cap   which 
covered   the   northern  half   of   the    continent    a   few   score    to  a   few  hiindred 
thousand   years   ago.      It    is   w;rong,    perhaps,    to    speak   of   the    glaciers   as   the 
last    sculptors   of   the    glaciated   surfaces,    for   v/eather,    and  wind  and  water 
erosion  are    still   at    work  upon  them,    but,    if   we    except    these    agents    of    the 
present,    the    glaciers   were    the    last    great    sculptors    ci    the    surface    of 
northern  North  America. 

If  you  will    turn   -co   a  map    of   North  America    or  Canada   it   may  help  you 
to   visualize    the    area    over  which    the    glacier  acted   and    the    directions    in 
which   it   moved.      If  you  have   not    such   a  map    convenient,    then   let   us    -   in 
imagination   -   soar  away  above    the    surface    of   North  Ai^erica   to    a   point    where 
our   eyes   -   of    imagination   -  may  view   the   whole    of    Canada    and   the    United 
States,      Prom  this  point,    if   we    look  doivn   on   the    continent    on  a  midwinter 
night,    we   may  see    that    its   northern   half   is    covered  ;vith   a  mantle    of    snow 
and   ice.      From  our   position  v/e    cannot    tell   hov/   hesvj    this  mantle    is,    but 
we    think   that    it    is    only  a  matter    of   a    fei7  feet    -   and    in   some    pluces    of   a 
few  inches. 

We    expect    that    as   a  matter   of   course    the    snc;  will   gradually  begin   to 
disappear   toward   the    close    of  winter  and   that    b,7  the   month      of  Il.^y  pract- 
ically all   the    snow  and    ice   will   have    been   removed  v/ith   the    exception   of 
the    glaciers   of  British   Columbia    and  Alaska    and   a   few  pitches    of    ice    and 
snow  in  Labrador   and   the    northwest   barren   lands. 


-     *-•  .     l"! 


83. 

A  million  .years    or  more    ago   at    the    close    of    the    Tertiary,    hoivever,    th( 
climate   began    to  get    gradually    colder   than    it    had   been  and   at    last    there 
Game   a   year  when  the    snow   of    the   winter  was   not   wholly   removed  at    the    g1os< 
of  the    succeeding   summer.      This   condition  continued  year  after  year  and 
century   after    century  with    the   residual   snow   of    each   year   added  arjiually 
to    the   accumulation   of   all    the    years   that    had   gone    before.      After  many 
thousands    of  years   there    had   thus   piled  up    on   the    earth   a   burden   of   snow 
many    thousands    of   feet    thick.   With   the    pdssa:i:e    of   the    years   all    of   this 
with   the    exception   of   a   fevv   score   feet    at    the    top   had   been    solidly   com- 
pacted  into   ice. 


If    the    lofty  vier\rpoint    that   we    attained    in   imagination  a  moment   ago, 
could  now   be   mox'-ed   backward   in  ti;ae    for  a   few  hundred   thousands    of 

of  years,    we   -vould    see,    therefore,    this   accumulated   snow    covering  North 
America   as   a   thick  mantle    of    ice   from   the   P-jcific    to    the   Atlantic  and   from 
the   Arctic   seas   to    the    valleys    of    the  Ilissouri   and  Ohio    rivers.      This,    \'ie 
may  note,    is    practically   the    same    area   as    is    covered  with    the    snovvs    of 
our   present    winter^.      In   surveying    this   continental    sheet    of    ice   vi/e   v/ould 
probably  note    that, although    it    was    continuous  from   coast    to   coast,    there 
were    three    regions   where    the    ice    seemed    thicker   or   higher   than   over   the 
rest    of   the    etrea*      These    places  were    -   the   Lu.brador    region,    the    Pveev;atin 
district,    and   the    mountainous   areas    of    British   Columbia   and  Alaska.      Ilorc- 
over,    if   we    could  watch   carefully  enough  and   long  enough  v/e   would   se 
the    ice   was   creeping  slowly  away  from   these    higher    centres   +-""--"^    +^ 
lov/er  margins.      Prom  the   Keewatin   centre    it    would  be    seen    .-    ._  ._-. — ^ 
westv/ard  tov/ard    the    foothills    of    the    Rockies  and   southwestward  and   south- 
ward  toward   the   valley   of    the   Ilissouri.      From  Labrador   it   would    be   moving 
southward  and   southwestward  across   Quebec  and  Ontario    tov/ard   the    valley 
of   the    Ohio   and   its    junction    /ith    the  Mississippi.      This   creeping  mass    of 
ice   was   the    last   great    continental    glacier   of   llorth  America. 
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If   the    range    of  our   vision  could   be    extended   so   as   to   penetrate 
through  the    glacier   to    the    rock  floor   below   it,    we   vi/ould   see    that    the    lower 
part    of   the   mass  was   not   pure    ice,    but    that    it    included   a   great   amo-iint    of 
mud,    sand,    pebbles,    boulders,    and   blocks    of   rocks    of   all   kinds.      This 
material  had  been  picked  up   from   the    rock  floor   ox^er  which    the    ice    had 
passed  and   carried  along  with  the  Lioving  glacier.      As   it   was  moved  along 
within   the    ice    the    rock  was   crushed  and   ground  to   all    stages    of   fragmenta- 
tion,   from   the    larger   blocks   and    boulders   down  to   -j.   pov/dery  mud,    so    fine 
thut    it    is   called    ■•I^ock  Flour", 
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When  the  creeping  ice  with  it 
its  southern  margin,  it  loimd  a  re 
.0  melt  iti  as  fast  as  it  advanced, 
front  and  carried  with  it  a  great 
but  most  of  the  sand,  gravel,  and 
included  mud,  '7as  stranded  along  t 
orn  limit.  Year  after  .year,  jnd  c 
V7as  delivered  to  the  ic^  front  -.nd 
the  melting  ice  abandoned  it.  The 
long  irregular  ridges  or  groups  of 
front  stood  for  so  long.  The  name 
lines    of    irregxilar  hills. 


s    included   burden   of    rock  and  mud   reciched 
gion  vvhere    the    climate   ivas  warm   enough 

The  water   flowed  away   from   this   ice 
deal    of   the    finer  mud   or    ''Rock  Flour'' 
larger   blocks,    as  Wcll   as  much    of  the 
he    line   v/hcre    the    ice    reached   its   south- 
i.ntur:/  jft^.r    centur.y   this   rock  debris 
there    left    in  unfashioned   piles   ivhere 
.!  c cumul;.;  t  ions  s  o   f  orm„  d  now  app '-^  ar    ... s 
ridges   to   mark  the    place   where   the    ice 
"Terminal  Moraine*'    is   given   to    these 
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Ir,    the    course    of   tiLie    the    cliraate    of   North  Auerica   -   and   of    the   whole 
world   -   beca.iie    v/arraer   again  and  now   the    ice   at    the    front   was  melted  faster 
than   it    was   brou^^ht   forward   so    that    the    front   of   the    glacier   gradually 
lost   ground  and  receded   tovi/ard   the    distant    centres   of   Labrador   and  Keewatir 
Of   course    the    recession  was   not    iiniform  nor    continuous.      Prom   time    to    time 
the   cli.Bte    became    sufficiently   cold  again  that    the    ice   was  able    to  make 
long  stands   at    different    fronts   and   alon^;   the    lines   of    these    successive 
fronts   debris  was   again  piled  up   in  long  ridges   of    irregular   hills.      These 
are    known  as    "Recess.ional  Moraines''   and    each    indicates   a   place   where    the 
ice   made    a   stand    in  its   retreat. 

At.   last    the   meltinj--   of    the    ice    sheet   was   practically   complete    and 
nothing  v/as   left    of    it    but    the    glaciers   and    snowfields    of   the    higher 
mountains    of    the    '-'est   and   a   fev/   smaller   representatives    on   the    coast    of 
Labrador.      \Ixth    the    removal    of    the    ice    it    is   now   possible    to    examine    the 
surface    of    the    continent    so    long  hidden  beneath   the    t-^lacier  and    see   what 
effects   ha,ve    been   produced    oj   tnis   agency. 

A"u    the    centres   from  v/nioh   the    grc-atust   movement    took  place,    that    is, 
Keewatin  and  Labrador,   we    find   that   all    the    old   soil   and   \7eathered   rock 
has   been  completely  remox'-cd   and  the    rock    surface    is    solid   and    bare    of 
covering.      V/herever    the    rock  was   a   little   weaker   or  l^^ss   resistant    the    ice 
has   been   able    to    gouge    out    the    softer  material   and   depressions   of  varying 
si."cs   result.      These    depressions   have    later   filled  with   water,    or  water 
und    vegetation  and    so    the    innumerable    lakes   and  muskegs    of   the    far  north 
have    been   formed. 


/As  we    go    soutmvard  from    these    scored  areas    of   bare    rock   and   approach 
the    old  margin   of    the    ice    sheet   we    come    to   a   region  ivhere    the    retreat    of 
the    glacier   left    stranded   in  place    all   the    rock  debris   that    the    ice   vs/as 
transporting  when   the    final  melting   overtook   it.      i/hen   the    included   ice 
was  melted  from   this  mass    of   boulders,    pebbles,    sand,    and    clay,    it    settled 
down   to  a   hard,    compact   mass  "'hich  we    noiv  knov;  as    ''Bouldj^r__Clay''    or    •'Eard 
Pan".      This  boulder   clay   fo^ras    the    subsoil   of   nearly  all   the    southern    ..nd 
more    thickly   settled   aro^s    of   C:imd3.      Its   fr.-shly  ground  up   rock   is   the 
b;sis   for   .--i    very  fertile    virgin   soil,    but    the    removal    of   the     iccompanying 
boulders  which  lay  on   the    surface    pro-^-ided   a   gigantic   task  for    the    pioneers 
of   the    country   and    their    families   before    this   virgin   soil   was   won   to 
cultivation. 

The    surface    of  this    boulder   clay  mantle    is   not    always    smooth,    but    is 
frequently   rolling  and  may  even   have    oval  mounds   of   its    own  material   built 
upon   it.      These   mounds   are   usuall.7   elongated    in   the    direction   of   the    ice 
movement    and   are    known  as    ''Drunilins" .      Pits   and    depressions  may   also   occur 
in   the    boulder    clay   often   forming  "small   ponds    over   its   surface.      On   top    of 
this   layer   of  boulder    clay  will   also   appear  at    intervals   the    irregular 
broken  ridges   of    hills,    rather   tumultuously  arranged,    the    recessional 
laoraines   already   referred   to.      These   moraines   often  have    local  names    such 
as    "Oak'liidges'',    "Chestnut  Ridge-',    and    so    forth.      Associated  with   these 
ridges   we    often   find    deposits    of   gravel    rather   poorly  assorted   and   formed 
by   the    water   of    the   melting   ice   working   over   the    debris   of    the    moraine. 
These    deposits    -  called   "Ivamesj'    -   give    us   many   of   the    gravel   pits    of    the 
older   parts    of    Canada.  ' 

One    other   feature    we   may  note    -    the    modification   of    the    drainage 
systems    of    Canada.      Let   us   consider   first    the    St. Lawrence    system.      In  prc- 
glacial   times   there   were    no    great    lakes   as  we    now  know   them  and   probably 
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no   great    rapids   nor    falls.      The    area   occiipied  by  the    Qreat    Lakes    system 

river  with   its   tributaries  which  flowed    through 
stream   flowed   from  the    north   through   a  gap    between 

doy;n   through  the    Georg- 
south   of   Toronto   and  flow 
""^  Lake    Ontario,    and    the    St.Law- 
•7cts    joined   by  a   large    stream 
which   probably  entered   the    Ontario   basin  by   a   great    gorge    in   the    Dundas 
valley  after   flowing   through  and   draining   the    Erie    depression. 


was   drained   by  a   great 

their  basins.      The   main    _.   

what    is   now   Bruoe   Peninsula,  and  Ilanitoulin   Island 
ian  Bay  and  La^e   Simcoe    valleys   to    turn  eastward 
to   the    sea  along  what    is   nov;  the    floor   o: 
renoe  valley.      Where    it    turned   eastward   it 
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The    debris    carried  by   the    glacier   blocked   the    valleys  and   channels 
of   these    rivers   in   several  places  and    caused   the    water   to   flood  up   the 
valleys   behind    the    dams    so    formed   and    so  make    the    present    system   of   lakes. 
One    of    these    dams    caused   the    ponding   of    the    'vater   above   Kingston  and   so 
flooded   the    Ontario   section  of   the    old   valley  -  giving  Lake    Ontario,      a 
barrier   across    the    river  which   drained  the    Erie    basin  flooded   that    depres- 
sion until    the    water  ivas   high   enough    to    escape   by   a   new  route.      This 
course   was   from   the   Port   Erie    region   to   Queenston  where    the    flood  poured 
over    the    IJiagara   escarpment    and    no    initiated  Niagara  Palls.      In   the    years 
that    ha'^'e    elapsed   since    then   the    falls   ha'"e    cut    back  through   the    rock   to 
their    present    position.      A   dam  of    Alacial    debris    to    the    southeast    of   the 
Georgian  Bay    section   of    the    old  valley    caused  a    damming   of    the    upper 
sections   and    the    consequent   flooding   formed   the    bodies   of  water  w/e    know 
as  Lake   Huron  and  Lake   Michigan.      The   waters    of    these    lakes   found   their 
lowest    outlet    b/  way   of    St. Clair    into    the   nev/  Lake    Erie   and   so    over 
Niagara   into  the    body   of  water   occupying  the    Ontario   basin. 
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During   the    recession   of    the    ice    and   iDefore    the    present    channels   of 
the    drainage    s/stems   ivere    opened  a  nunber   of    teaporarj  lakes  v/ere    formed. 
Of    these    lakes   only   the   mud   deposited   on   their   beds  and    the    sands    of    their 
shores  with   their    shore    cliffs   remain  as   evidence    of    their  existence,      .^t 
one    time    in   its   retreat    from  the    south    the    ice    of    the    Keeivatin   centre 
blocked   the-    drainage   which  nov?   flov/s   from  the    Saskatchewan  and  Red   river 
systems   down  the   ITclson   to  Hudson  Bar.      The   ^'mtjrs    of  these    rivers   "-'ere 
backed   up   till    they    formed  a   huge    lake   which    occupied   nW   the    ari^-i   eust- 
ward   ,3nd   northward   of   the   Il.unitoba   escarpment    right    up   to    the    edge    of   the 
retre^:jting    ice.      The    muds   poured   into    this    lake    from  the   vraters    of    the 
Saskatchewan  and   /Issiniboine    have   made    the    ^^ery  fertile    soils   of    the    Hed 
River  Valley,      The    s.mds   dropped   at    the    mouth    of    thi.    Assiniboine    form   the 
Brandon   sand  plains.      The   name    "Ajjassiz"   h;s   been   given    to    this   like. 
The   v/jter   of  the    L ;  ke    w-is  m-ide    to   escipe    southw  ird  from   the    upper   end 
of   the    Red  riv^r  valley   to   the  Ivlississippi   system. 
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GLACIAL   LAKE  aGaSSIZ 


In   its   retreat    to    J^nies   Ej.y.the    ic3e    at    one    time    formed   j    djm  prevent 
ing   the    vvat^Ts   of  the    north  from  escjping   in   thjt    direction    md    no  mjde    a 
huge    l-ake    extending  from   the    ice    front    toxTjrd   the    height    of   1  :nd   in  IJcrth 
ern  Ontario    Mnd     iuebec.      The   mud   deposited   on   the    bottom   of    the    l.ikc 
forms    the    subsoil   of  vjh.it   we   novi  know     is    the    ■'Gl<.j   Belt".      Anyone   who   h  ;S 
seen  the    _.gricultur  il    development    of   this   bolt    '/here    the    C 
h-:s   opened   it  up   for    settlement   v.'ill     tppr>.ci.tc    wh 
hiS   done    in  providing  fertile    firm   1  .nds    i 
provinces. 
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In   the    southivest    yeainsula   of   Oiit-ririo    the    retreatim:^   ice    at    one    tiiiie 
held    its   front    along    the    region  of   the   Niagara   escarpment    for    some    time 
and   so    prevented   the    ivater   to    the   '.7est    from  escaping    to    the    Atlantic. 
This   'vater  was  made    to   flood   high   enough   to    flov^   through   a   gap    in   the 
height   of   land    to    the    west    and    so    into   the    drainage    s/stem  of    the  Idissis- 
sippi..     The    lake    so   formed   flooded  much    of   the    land    to   the    southvvest    of 
Lake  Huron  and    to   the   north    of  Lake   Erie.      The    level   land  of  Lomoton 
county   and    of   the    counties    bordering   on  Like    Erie    is    largely  underlain   b/ 
the    deposits   of    this    old   glacial   lake. 
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One  of  the  stages  of  the  retreat  of  the  Huron  and 
Ontario  lobes  of  the  last  glacial  advance. 
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In   the    preceding    paragraphs   we    have    discussed    the 

advance    and   the    retreat    of   an   ice    sheet    over    the   northern    part    o_    

North    .iraerican   continent.      During   the    pleistocene    period   there   were    at 
least    three    and   perhaps    four    of    these    ice    sheets  which   developed  and   ad- 
vanced  till   the    whole    of  the   area  was   covered,     jnd    then   retreated  until 
tne    country   was   perhaps   js   fret    of  ice    as    it    if    now.      'Im    first    ice    sheet 
cox'-ertd    tho    area    at    a   tirac    probably   a  million   /sars   ago.      After   its   reces- 
sion  the    cliiiBte    became    fairly  moderate    so    that   at   a   place    as   far  north 
as   Toronto   some   plants  which   have    at   present    d:a    almost    sub   tropical  habit- 
at  grew  and   thrived.      After   a    large    period   of    this   mild  weather   fie    clii:k<te 
again   becaiue    cold   and   -j    second    ice    sheet    begm   to    iccumulate .      In   time    this 
ice    advjnced   over    the    same    regions    th  .t    h;d   been  covered  by  the    first    ice 
and    all  the    warm      clir^iate    plants   and   animals    of  the    wann    interglacial  were 
either   destroyed   or  driven   southward  before    this    second    glacial  invader 
from   the  North.      Aga.in  the    oncoming    of   a   warmer   climate    brought    about    a 
'.'Vi  thdra^-'al    of   the    ice.      It    is    probable    that    this   withdrav/al    may  not    have 
been    as    complete    as   was  the   first,    since    no    such   w.jrm  cli.iiate   plants   are 
found    in   the    interglacial  days    of   this    time,      as   v/ere    common   in 
deposits    of  the    first    interglacijl   aready  mentioned, 
climate    became    colder    and   on-iQ    again  the    ice   mo-^^ed  southward    to 
this    third  glaciation,    practically   the    same    areas   that 

under    the    ice    of   the    first    tv/o   advances.      This    last   glaciation  probably 
had  a   shorter   period   of   existence    than   either   of   the    two   previous    advances 
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and   it    may   be    that    it    had   no   aore    than  attained   its  raaximum  when   a  moderat- 
ing  climate    caused   it    to  begin   its  ivithdraival.      This  withdrawal   was   rather 
reluctantly   accomplished  with   intermittent    periods    of    colder   climate   vvhen 
the    ice   front    remained   stationary  for   many  years.      At    each    of    these    fronts 
where    the    glacier   halted   for    a    lon;jer   or    shorter    time,     there   was    left    a 
deposit    of   debris,    w/hich    we   now   recognize    as   d    recessional   moraine,      /it 
present    this    ice    sheet   has  withdra^'/n   so   that   most    of   North  Aiiierica    is   free 
from   permanent   ice    and    snoiv.      TiiSt    the    end    of    this    last   advance    has   not 
yet    been   attained   is   evidenced   by  the    .-glaciers    of   the    higher  mountains    on 
the    P.^cific   Coast   and   by  the    ice    ca^.    of    Gx-eenl^nd,    as  well   as   by  minor 
ice    accumulation   in  the    higher   lands   of  L  jbx  jdor  . 

Since    each   of    the    successive    ice    sheets    destroyed    or   rev;ortied  much   of 
the    deposits    of    the    earlier   advances,    it    follows   that   most    of    the    features 
that    have    been    described   in  the    foregoing  pages  are   manifestations    of  the 
'vork  of   the    last    glacial   advance.      This   last   glacial  advance    is    called  the 

Vi/i  scon  sin. 

Some    of    the    economic   effects   of    this   glacial    age    have   been   suggested 
in   the    previous    pages,    bat    it    may   be    well    to   summarize    them   here. 

(1)  Effects    on   Soils.      A  great    deal   of    the    residual    soils    over    the    areas 
underlying  the    glacial    centres   has   been    swept    away,    leaving   the    rock  ex- 
posed a,s    in   the    barren  lands   of   the    north  v;est    of  Canada. 

The    glacier      on    the    other   hand,    by    the    grinding  up    of    fresh  and  un- 
leached  rocks,    provided  a   mixture    of  clay  and    coarse    fragments    (boulder 
clay)    which   f orns  the    basis   of   a   soil   rich    in  unleached  mineral    salts. 
Many   of    these  mineral    salts   are    desirable    for   plant   growth,    so    that    soils 
derived  from  a    boulder  clay   subsoil   are    apt    to   be   more    fertile    than   the 
residual   soils   ivhich   "^ere   not    affected  by  gla  elation.      The    boulder   clay 
soils   are    to   be    found   along   the    southern  margin   of   the    glacier    (outside 
the    region   of    scouring)   where    the    waning   transportation   po'ver    of   the    thinnei 
part    of  the    ice    sheet   was   allowing   debris   to    accumulate    to    great    thickness 
in   its   base. 

The    soils   underlyint-  post    glacial    lakes   v^jere    in  most    cases   directly 
derived   from  the    boulder    clays  with  little    or   no    leaching   effect.      These 
lake    bed   soils,    as   noted  before,    provide   Ilorth  .America   with  some    of    its 
most    prosperous    farming  areas    (p.y3)« 

(2)  Drainage .      The    drainage    effects  have    been   already  noted.      An  inter- 
rupted and    renewed   drainage    system   has  provided   the    thousands    of   lakes   of 
all   sizes    in   the   northland,    as   well    as  the    gre-^t    lakes    of   the    St  .L-^iVrrence 
system  and    its    rapids   and   water   falls. 

(3)  V/ater  Power   Deve  lopme  nt .  depe  nds   in  northern  North  America   almost    en- 
tirely upon  the    great    reservoirs   of  water   -   the    greater  lakes,    'vith   small 
annual   fluctuations    -         .and      on   ".the     rapi.ds      -and      ^v/atorfalls 

of   the    rejuvenated   drainage    s./stem   developed  by   glaciation. 

(4)  Mineral  Deposits.      Glaciation  has   affected   our   ..lineral   deposits   in 
at   least   two    ways. 

(a)   Previous   to   glaciation   the    long   periods   of  weathering  and 
erosion  must   hai^e    caused    the    alteration  of   the    upper   parts   of  many   of  the 
mineral  deposits   in    the   areas   later   coi-ered  by  the    ice.      In  many   of   the 
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ore    deposits    this    alteration  must    have    brought    about    secondary   concentra- 
tion  in   the    upper   levels   of    the    deposit    (page    ^4).      Nearly  all    of  the 
sulphide   deposits  would  have    had   at    the    surface    and   for  many   feet    in  dept 
the    characteristic   features    of   gossan   and   other  alteration  deposits   men- 
tioned  on  page    ^^ ,      The    profound  erosion  due    to    glacial  activity   has 
removed  all   of    these    secondarj^    enrichment    and    alteration  products,    so    "Chcit 
now   only  the    ori^-inal   primary  minerals    of    the    deposits   are    to   be    fovmd. 
In  most    of   the    ore    deposits    of  northern   Canada   t?iere    is   very   little    of 
iron  gossan  or    similar   features   to   mark   the    presence    of    ore    bodies   below. 

(b)  The    same  weathering   and   erosion   factors   'vhich  modified   the 
upper   parts    of  the    ore    deposits    in  preglacial   time   must   also   have    served 

to    develop  many  valuable   placer   deposits   in  the    streams    of  northern   Gan-^da. 
The    glacial   advances   removed  most    or   all    of    these    placer  accumulations 
to  nTix   them   hopelessly  with   the    general  debris   of  the    boulder    clay.      Some 
few  placers  may    still  He   deeply  buried   in    some    clay  filled   preglacial 
gorges,    but    up   to   the    present    no   placer   bearing  burier"    gorge    has   been 
found    in   the    glaciated   regions    of  northern   Ontario   or  Quebec. 

(c)  The   glacier   has   been    of    some    benefit    in   that    it    has   removed   the 
residual  soil   and    loose    debris    from  the    surface    of  much    of    the    mineral 
bearing  areas    of    the    north   and    in   this   way   has   rendered   prospecting  easier, 
Particularly   is    this    to  be    noted   in   the    great    barren  lands    of   the   north 
west . 

If  we  might    revert   for    a  m.oment    to    the    effects   of  the    glaciers   on 
drainage,    we   may  note    that    prospecting   and    freighting  essential    to  mining 
are   facilitated  greatly   in  Candida   by  the    presence    of    the    innumerable    lakes 
and  waterways  incident    to   the    disturbed   drainage    conditions    of  glaciated 
areas. 
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■TKE  ?IIIDINCt  or   A   GOLD  PROSPSCT  AIJD  TIE   D^/EL0P^T3]IIT   OF  A   GOLD  MINE 

Balmer  Meilly,  B.A.Sc,  M.S. 


The   above    subject   is  a   very   comprehensive   one    to  be   treated   in  one 
evening's   discourse,    but    it    is   apparently  the  one    that   has   been    selected 
by  your  group   and   assigned   to    me    by   the  Director   and  his   fellow   conspir- 
ator,   yoior    Chairman.      At   their   request   I   will,    with   yoi^r    co-operation 
(and  financial   assistance)    endeavour   to  find   a  prospect  and   to   develop   it 
into    a  producing  mine   in  the    course   of   this   evening's   lecture,    leaving   you 
later,    I  hope,    in   full   possession   and  enjoyment    of    any  possible   dividends 
that   may   ensue   from  our    one   crov/ded  evening's   work. 

Now  I   am   in   a  bit   of   a  predicament,    because   I   never   did  find  a   gold 
mine    and   probably  never   vifill  find   one.      However,    I   have  been   a  prospector. 
As   an   examining  engineer,    I   have  followed  many  prospectors,    and  I   have 
some    experience   at   any  rate   in  the  development  of  mining  properties,    and 
in  order  not    to   embarrass   my   sponsors,    I   propose,    with  your  permission,    to 
iraw  upon  my  experience   and    imagination.      Perhaps    at   this   stage   I    should 
^^et  under  the  brokers'    umbrella  and  gravely   tell   you   that    "while    the    in- 
formation  I   gave   you    is    not   guaranteed,     it   has   been  obtained   from   sources 
I   consider  reliable". 

To   make    the   matter    concrete,    and   to  give   each   member   of   the  class   a 
personal    interest    in  this  prospective  gold   mine,    I   can  think   of   no  bettor 
way  than   to   ask  you.  to    assist   TxG    in  forming  a   prospecting    syndicate.      Owing 
to  limitations   imposed   on  most   of   you  by  lack   of    experience,    lack   of   com- 
pelling   interest,    or   lack   of    sufficient    individual   capital    (or   perchance 
lack   of    adequate   persoual  fre'^dom)    it    is   probably   im.possiblo   for    overy 
member   of  the   class   to  assemblu   pack  and   pick   and   to   go   on   a  prospecting 
venture   -   honcu;   the  n'-.:Cossity   for    our   prosp'^cting   sradi  cato. 

If   you  are   content   with   the  arrangement,    I  will  bo  glad  to  facilitate 
matters  by  assisting   in    tho   organizing   of   the   syndicate   and   to   this   end 
would   ask   you  to   proceed   y/ith  the   election  of   officers.      Perhaps   you  will 
permit  ne    to    suggest   the   following   slate:      For   President    of  the    s;/ndicate 
I   would  nominate  your    Chairman  of  this  evening,    and  for   Secretary''    (and 
Treasurer)    m.ay  I   nominate   the  speaker   of   the  evening.      If   we  imay   consider 
these   elected  we  may  proceed  with    the  further   business    of   calling  on  eac'- 
of   the    members   for   the    initial   assessment    of    £10.00.      With   a    syndicate   of 
this   size    this   will  give  us    sufficient   capital    to    carry  on    a  m.odest  pros- 
pecting  campaign  for   at   least   one    season.      Having   organized  our   s^nidicate 
so   as   to   give   each  member   of   the  group  a   personal   interest   in    the   project, 
we  may  proceed   with   the  consideration   of   the  problem   of   finding   and   de- 
veloping a  gold  prospect. 

Now    if   we   are   to   succeed    in  finding' a-nd   developing  a  gold   mine   in    the 
course   of    say    4^    to  ^0   minutes,    there    is   no   time    to   lose.      Necessarily  my 
story  will  be   sketchy  and  perhaps  lacking    in   sequence,    but    if    at    som.e 
stage   your   mind   is   troubled   by   my  lack   of   clarity,    don't   be  afraid  to  p;_it 
your   question   to    the    Chair.       If   there    is    time  at  the   conclusion,    I  will  ''C 
glad,    if  possible,    to   answer   any  questions    the    Chair   may   entertain. 

If   we  are  to   succeed    in  our   quest,    and  we   m.ust,   we   must   do    som.e   c-^.re- 
ful   planning.      We   will  start  about  January.      The  prospectors  are    clear   of 
their   previous   year's   agreements.      They  have   probably   enjoyed   their   hol- 
iday  celebrations    to    the   limit,    and  are  ready  to   do   business  with,    as   they 
will  ^escribe   it    -    'the  right  party'. 
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Not/  I   know  a  goodly  number   of  the   more   successful   prosioectors,    so    to 
save   time,    and  v/ith   the    Chairman's  guarantee   that   the   salary   and    exnense 
money  will  be    provided   as   promised,    we   enter   into   an  agreement.      There   are 
many  kinds  of  agreements,    but    in   this    case    t'o   promise    each   of  these  men 
■$100.00  per  month,    rood  equipment,    and   their    >_;xponses    in  tho   fi'.  Id,    pliis 
a  lOfc   interest    in   anything   staked    to   bu   dividt-d  b>-tw^.on   th(-m  as   th^y   see 
fit. 

The  next   few  weeks  art^    sp>--nt    in   the    study   of  government  reports   and 
maps   and   in  gleaning   information   from  any  and  ov^ry  source,   available. 
Finally  they   decide   to    try  an  area  reprwsent..d   or  pictured    oy  this   map: 


.   eediments 
'  Greenstone 


Now  you  Vv'ill   note   we   get    to   the    jumping  off  place   "oj  rail.      Immedi- 
ately our   prospectors   arrive,    they  sort   out    their   baggage,    get    it    into 
the    canoe,    and  away   they   go.      They    camp  the    first  night   at   the    entrance 
to   the  lake. 


Almost   as   soon   as    the    canoe  ha; 


for  his   axe.      One  underbrushes   the   location   of  the    tent,    thi'ows    the   t 


touched   the   shore,    each  man  reaches 

nt 

and   gathers   brush   for   the   bed.      While   he    is   doing   this,    the  oth^r  gets   a 
supply  of   dry  wood   for    the   fire   and    starts   tiie   preparation   of    the   v.vening 
meal. 


\.' a  shed   at   the 
seat    i5   shifted 


The    meal   over,    out    come   the   pipes.      The   dishes   ar 
water's   edge.      A  log   or    som.e    other  kind   of  comfortable 
close    to   the   fire   and   in   conformity  with   bush  practice,    few  v/ords   are 
passed.      Each   slumiDS   before    the   fire  x"/rapr)ed    in  his    c-Ti   thoughts. 


Th.e   suT.  sijiiis   beXov;  tho  horizon  and  wi  ^h   thti   afoergloi;,    with   ail   its 
glorious   colors    and   shades,    comes   the   evening   calmi  broken    only   at   odd 
intervals   by  a  fish  breaking   the   surface    of  the   v/ater,    or   the   late   flight 
of  ducks    seeking  their    evening  rendezvous. 


-'::!.  e:^^    -r.;     ,  "^Jj'- 
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Finally    the   whip-poor-vvill  us   silent.      A  hush  seems   to   envelope   lake, 
stream  and  forest,    descending  and  making    its    influence    felt   upon   our  pro- 
S:;ectors   even  as   a  benediction. 


t! 


Pipes   are   replaced,    and  with   the    last   stretch   comes    the   words   - 
lot's   go    to    bod",   and   soon    slumber   has    cleared   the   mind  and  natiore    com- 
mcncos   the    task   of  bringing  r^-st   and  renewed  vigour    to  thw   woary  limbs, 

Th^  next   day    our  men  r  .ach    the   c-ast   end   of    the   lak^.  and  their    ii.i- 
mvi-diato   objective.      They   ent^r   th<-.    cr.:-ck   and   c-stablish   their    camp  beyond 
th'-   prying  eyes   of   those   who  may  pass,    for,    strange,   as    it  may  seem,    there 
is   alwa^^s   an   air   of   secrecy   about   a  prospector's   movements. 

NoviT   let  us    take    another  look   at   the   map   and    ascertain   why   this  par- 
ticular   area  was    chosen.      You  will  note    that  Keewatin   greenstone  forms 
the    general  background.      Near   th-:.    cai.ip    is    a   tongue   of  porphyry,    and   nor^bh 
of   that   a    small   ar^a  of    sedimentarjr  rock    is    indicated. 

Most   of   our   main    structure  breaks    in   the   I'lorth  Country  run  northv..ast, 
southTfcst.      The  axis   of  the   lake  and  riv^r   suggest   an  area  of    structural 
weakn^-ss    that   vias   oasily  gougv^d  out   by  th^^    glacier.      Th...   porphyry   adds    to 
the   evidence,   and   our   theory  is   furthc:.r    supported   by  thL.   included   sed- 
imentary.     A  major   break    in   the   earth's    crust  was  necessary  to  let    the 
porphyry  eruptive  up  to    the    surface.      Mineral   bearing    solutions   '.vould 
have    a   good   chance    to   migrate   and  deposit   their   metal    content  under   such 
circumstances  and    it    is    attractive    to    the    experienced   prospector. 

Our  men  go    to   ?/ork  looking  for  vein   outcrops   along   either   margin  of 
the  porphyry  tonguu,      Thv.y   don't   loiov/  yet   v/hether   in   th_ir    search   they 
should   favor   the   porphyry  or   the   adjacent   greenstone    or    sedim^i-ntarj''  rock, 
Howwvcr,    they  are   officiant,    energetic,    intellig^^nt  prospectors,    and 
shortly  after  noon   one  partner    is  heard    calling   the   other   in   an   excited 
',":-3jiner   -    "Come   over  here"   -    ''Come  over  here'=.      He  has   found   quartz   out- 
cropping and    is   busily  engaged   in    stripping   the   riioss   and'  overburden   from 
the   s'jrface,    and    soon    two   picks   are  busy  at   the   sai-e    job,      Sach   piece    of 
quartz,    as    it    is   pried   out   of  place,    is    closely  examined,    and  I  will  give 
you  my  assurance  no   person   in   the   world    can    spot   a   speck   of  visible   gold 
as   quickly   as   an   experienced   prospector.      At   last    they   find   a  piece   that 
leaves   them  hopeful   and   out    comes   the  magnifying   glass.      Sure   enough    Ghey 
have   free  gold.      You   can    imagine    their   exciter:ient.      Again  they  go   to   work 
and  disclose   either   wall.      One  prospector  moves   east   on   the   assumed   strike 
of   the  vein  and  uncovers   the   extension.      His   pick    is    moving  up  and    dorm 
with   a  restless   enthusiasm  and   at  last   he   sits   down   to   examine   the  ;oiece 
of   quartz   and   vein   matter  he   has   detached,    and   sure   enough  he  finds   his 
speck   of  gold. 

Now   if    there   is    one   thing  a  prospector  likes  better   than   one   piece 
of  visible^  gold    in  a  newly  discovered  vein,    it    is    two   pieces   of  gold. 
Each  piece   found  adds    about   $1,000,000    to   thu   probable   fair   price   for    the 
claim  or   group   of   claims. 

Before   the   day    closes    each  man   fills   his   hat   vrith   the    decompose, d   part 
of   the  vein   and   carries    it   back   to   camp,  V/liile   one  man  prepares    the. 

evening  meal,    the   other   is   busy  with   his  mortar  and  pestle   grinding   dovm 
the  decomposed  material.      At  last    it    is   ready   to  pan,    and    down  he  goes   to 
the  water's   edge.      His  partner    can't   stand  the    strain  and  he    follov;s.      In 
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quiet    suppressed   excitei;ient   they  await    the   end  product,    and   sure   enough 
the   tail    of   gold    is   there. 

The  tneal    is   forgotten.      Their   whole    tuind    is    engaged    in    considering 
the   possibilities   of  the   discovery.      One    suggests   that   since    the    porphyry 
is    shown   on   the  rnap   to    extend   at   least   a   irdle,    the   vein  iiill   extend   that 
far.      The  other   prospector   is  looking   southwest  and   suggests    that    those 
geological  fellows    in   Toronto  and  Ottawa  may   knov/  so;,iuthing   aftur  all.      He 
recalls    that    they   sugg^st.^d   tho  main   break   v:as   probably  under  th:,   lake    and 
ho   thinks   they   wer^   rirht,      Noyit  of    courso   th^-   lake    is    20   rail^s   long  and 
even   if   the  vein   only  v/ent    half   v/ay  that   would   give   them  11   miles,    and 
everj'body  now  knows    that   .:iining    operations  can  be    successfully  carried  on 
to  a  depth   of    say   10,000   feet.       Of   course   this  assumption   is  accepted   and 
they  agree,    before   going  to   bed,    to   think  not   sleep,    that   their  new  dis- 
covery  is    more   important   than   all  the  mines    in  Kirkland  Lake,    and   on   second' 
thought    it  probably  outclasses    the   sum  total    of  Kirkland  Lake   and  Porcupine, 

Next   morning   they   stake    three   claims   each  on   their    ovn   behalf  and 
another   six    claims  on  belialf   of   other   license   holders.      They  try   to    cover 
the   strike,    and    if  any   dip   of   the   vein    is    discoverable,    they" stake   the 
parallel    claims    to  protect   their   discovery    in   that   direction. 

The   following  morning    camp   is    struck,    and  with    the  description   of 
their   claims  as   staked,    and   a   few  general    samples   and   a   description   of   the 
vein  found,    they  are   off  for   the   steel   and   the  Recorder's   Office.      At    the 
railway  they  wire    their   principals    to  meet   them  at    tiie  Recorder's   Office. 
At   this   conference,    plans   for    the  future   are  formulated.      They  may   invite 
a  mining   engineer   or   company    scout    to    accompany  them  back   to   the  discovery, 
and   let  us    assume    the   latter. 

He   examines   the   discovery  and   finds   the  vein   carri'-s  g:old.      He   finds 
evidence   of    fair   widths   and    some   promise   of    length   and    continuity.      He   of- 
fers   to   option   the   claims    on    hehaif    of  his    company. 

Tonight   we   have    no   time   to   haggle   about  tori.is.      He   pays    $1,000.00 
down   to   compensate   the   Syndicate   for  out   of    pocket   expenses   to  date,    and 
as   evidence   of   good  faith    on  his   part,    and   obligates  his   cor.ipany   to   start 
work  at  once,    to   spend   a    certain  minimum  amount   of   money   on   development 
work,    and    if    the  results  are   satisfactory  to   pay   at   some  future  date   or 
dates   a   specified  amount    by   way  of   cash   or   stock  ownership. 


The  prospectors   have   completed   their  v7ork  and   move   along,    and 
interest   turns   from  them    to   the  prospect    itself. 
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Mr,    Engineer   gets   a   group   of  men   on   the   ground  v/ithout    delay   to    strip 
the  surface  and  thus  gain   all  available    surface   knoviedge   of    the    discovery. 
He   gets   an    experienced    geologist   on   the   ground   to  map   the  rock  cojitacts 
and   peculiar    structural    features.      He   may  discover   parallel  veins   and   fol- 
lovj"   the   same  plan   of   stripping.      He   himself    starts    to   cut    samples  and   rdot 
the  results. 

We   have  no    time   to    consider   failure    tonight  and  7/e   assume    the  vein 
shov/s   a  width   in   excess   of   five   feet   and  values   of  say   |10.00    over   a   length 
of  say   200   to  500    feet. 


102, 

The  next   thing  he   v/ants   to   know  is    the   dip   of   the   vein   and   whether  or 
lot   the  gold    content    sho~s    continuity  at   dspthr 

He    could  ascertain    this  by  sj.nking   and  drifting,    but  his   option  pay- 
ments  are   coming  due.      Time    is   important    so   ne    contracts  for    one   oi-   more 
diainond   drills.      His  first  hole    _s    probaoly   short  and  fairly  flat.         The 
first   intersection   gives   him  an    idea   as   to    dip.    and   permits   him  to    lay  out 
his  plan   for   drilling. 

He  plans  a  ro'.T  of  holes,  tne  first  hole  at  each  set-up  being  at  an 
angle  of  say  4^  degrees  and  the  second  hole  fror^  the  same  set-up  at  say 
bO  degrees.  This  gives  him  not  definite  information  as  to  values  but  a 
general  idea  in  that  respect„  They  give  him.  valuable  data  on  structure 
r.nd  widths.  Let  us  assume  that  c,h3  results  are  considered' sufficiently 
encouraging    to  vfarrant   +he   option  rjayment   and  further   vfork. 

The  next   step   is   shaft    sinking c 

This   involves   the  estabj.ishmon 'j   of   moi-e  permanent    camps;,    the   purchase 
of   a    steai.i  plant  and  all   necessary  er;.uipment-,    the  necessary   arrangemen'c 
for   quick    communication  and,    where  necessary,    'che  building   of  roads.- 

It    is   a  rush  job    and  requires   \7hat   tjic   French-Canadian   calls  lots   of 
cash  money. 

Again  vire   hurry  along  and  without   going  into   particulars    let   us   assume 
the  underground  development    is   successful   in   outlining   an   ore   body   that 
can   bo  mined  and   milled   for   a   profit  e^iuaJ.   tc    tho   capital  expenditure    in- 
vclvod.       It    is   a    small  mine   now  and   its   future   size    is  dependent    o.pon  r.hc. 
results   of   future   and  further   dovclopm.cnt  wo: 
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At   this   stage    we  ar-..  fac'^d  with   two   problems^      If   we  are   short   of 
money,    there   are    three  major    problems^ 

1.  Capital 

2c  Source  of  available  hydro  or  other  power 

3,  Design  of  r.iil"_U 

No   comment    is  necessary   on   the   first   t."rc.      To    solve   the    third,    bulk 
sar.ples   of    the    ore  are  forwarded   to   some   me^jallurgist    or  metallurgical 
laboratory  and   experimental    vrcrk   is    continued  until   the   method   considered 
as   being  most   practical    is   deteriminedr. 

Mill   design  and  erection   foj.lows,    and   vrhen   money  and  pc^/er  a.^e  avail- 
able  vre  are  ready  to   enter  the    production   stage  a.v'   soon  as    stcpes   are 
equipped  underground  to    insure   the  steady   supply    of   ore   equal   to    the   mill 
designed   capacity. 

Now   just    a  v\ford   or    two   as   to    v/hat   a   stone    iSc      i^   stope   is   a  block  of 
ore   that    is  being  broken   dovm  preparatory    to  be  raised   to    the   surface 
for  treatment.      There  are  many  different   kinds   of   stopcS;    each  designed 
to   meet  a  given    condition,  Vv'e  have   insufficient   time  to  describe  more 

than    one,    and   Y/e   will  take   the   simp-lest    t:,q';e    -   the    ono    described   as   a 
shrinkage   stope. 
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V/ith   the   timber   in  place   ard   the    chutea  running,    it  only  rei-riains    to 
rill   the    cars  and  then   convey   the   ore   to  v/hat    is   called   the    ore  passc 
From  there    it   drops   to    the  midergroand  crusher   and    from  there  through  a 
measuring   device    it    is    loaded   into  a   skip   and    conveyed   to    the    surface, 
From   this    point    on  there    is  a    certain   sameness    in   the   process   so    far   as 
the    larger   producers  are   concerned,    aiid    I  am   going    to   give    you  very  brief- 
ly Mclntyre  practice^    because    firstly    it   is   the  best,    and    socondiy    I 
should   know  more  about    it   than   any   other„ 

Kclntyre  No,  11   shaft    is    41^0   feet   deep,.      It  req__uired   28  months    to 
sink   it.       It   required   the   hoisting   of  I60.OOC    tons    of   rock   and  40,000    tons 
of    T/ater.      Blasting   operations   required   240,000   lbs.    of   explosives,    and 
:or    timbering   and   lining   the   shaft    2,2^^6,000   feet   of   lum.ber   were   required^ 

Mclntyre   use   tvro    skips,    one  going  up  and   the   other   down.      At    the    4100 
ft.    level-    6    tons    are   dumped    into   the   skip  axid   a^'^ay   it  goes  upward,    at- 
taining  a  mximum  speed   of    oOOO   ft,    per  minute„      The  round   trip    is  mads    in 
less   than   ^  minutoso 

At  the   shaft   head    it   is    dumped  into   a  bin   and   from,  there    it  passes 
through  another    crusher.       From  that   point    it    is   conveyed   to   a  very  large 
set    of  rolls,    and   from  there   to    the    cube  mills   xvhere    it    is   reduced    to   say 
65   mesh. 

At   this    s'cage    it   goes    into    '"he   flotation    circuitc      Here   the   metallic 
particles  are    floated   off  as  a    concentrate  ready  for   fijirther   treatment 
and   the  remiaining  four-fifths   go  direct    to   waste. 

The   concentrates   are   ground   much  finer    than  flour   and   the   gold  is 
dissolved   out    by    the   cyanide   process.      The   .::old   is   then   precipitated   froiii 
the   solution;    the   precipitates    are    treated  with   acid  and  melted  down   into 
-Old  bars    and   then   shipped   to  the   Royal    Canadian  Mint   at   Ottawao      They 
^ofino    the   bars    and   report   the   number   of   fine    ounces   of  gold    and    silver 
and  the  DepartnBnt   of  Finance   purchase   and  ^ay  for    the   contents   as    cert- 
ified  by   the  Mint. 

It    is,    as   you  will   see,    a  very  siinple   proc^-^ss  by  7;hich   you  take   that 
which   in   its  nat'ural   state    is   useless   and  without   value,    and   by  a   process 
you   call  mining   and   milling   you   extract   about   one-third   of   an   ounce   of 
gold   out  of   each    ton   of   ore   and  you   supply  mankind  with   something  both 
useful   and  valuable. 
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ESTIL'IATIIIG   THE   VaLUE   OF    A   PROSPECT 

Summary   of    a  Lecture    by 
R.A,    Bryce 


In  most    cases   the    prospect   which   is    to   be    examined  and  valued  may 
fall    into    one    of    two    categories-, 

(1)  It  may  be   a    prospect   which   has   been  located  by  prospectors  who 
are    the    agents   of    a   large    opergting    company  who  may   follow  up  the    report 
of    the    find   by    examination,    development    and    operation  by   the    personnel    of 
their   own    company,    if    these    latter    stages  are   warranted. 

(2)  It   may   be    (as    it    is    in  most    cases)    a   prospect   which  has   been  lo- 
cated by   independent    prospectors,,    or    prospectors   working   for   a   syndicate 
who   are   not    in   a  position  to    bring  a  promising   property   to   the    stage    of 
operation.      Each  prospector  or    syndicate   must    then  either  find   a  purchaser 
for  the    prospect    or    enlist   financial  and    technical  aid   in  the    development 
of    the    property    to    the    point    ox    pr  eduction - 

Since    in  the    latter   group  will   fall   the    greatest   number    of   prospects 
1 0  be    exarained,   v;e    shall   discuss   the    problems  arising   in  the    examination 
and  valuation   of   prospects   of    this   type. 

There    are,    of    couvse  ,    two    parties   to   the    deal   which  must    be   made   v/ith 
respect,    to   any   one    of    these    prospects: 

a^    The    prospector    or   his    agents, 

b)    The    party   to  whom  he    offers   his  prospect    for  a   deal. 

To   each    of    these    is    presented   one    of    the    most    important    factors    in 
any   transaction   -    the    personality  and  probity   or    honour    of    the    other   party 
in  the    deal.      The   prospector  must   consider,    on  his    hand,    whether    the    party 
to  whom  he    brings   his   property    is    interested   in  the    prospect    from  a  mining 
or  from   a  market    point    of  view,      Loes   he    want   a   prospect   which  gives 
promise    of    inaking  a  mine;    or    is   he   merely    interested    in  a   property  which 
he    can   sell  to  the    public,    to    his    own  profit,    with  little    concern  for    its 
intrinsic  value   as  a   potential  mine?      The    latter    type   is    likely   to    offer 
the   prospector  more    alluring    terms,    both    as    to  present    cash    payments,    and 
future    instalments   for   later   developments.      An  experienced  prospector   is 
aware,    however,    of    the    danger   that    the    expected  market    for    the   proffered 
shares  may  not    develop   and   that    the    necessar.y   financial  reorganizations 
for    further  development    work  may  leave    hi..i  viith  no    equity   in   the    property. 

On   the    other   land,    any   of    the    larger   mining    companies   who  may  offer 
him  a   deal  are    prierily   interested   in  making  another  mine    out    of   his 
prospect,    and   are   as  much  concerned   in  the    physical    development   as   the 
prospector   himself.      They   will   be    disappointed  as  well    as   he,    if    the   pros- 
pect   does   not    ultimately  make    a  mine.      The    first    cash    offer   for   the 
privilege    of    examination  will   probably  be    only   a   little   more    than  the    , 
first    cost    of  finding  it,    but    this  will    give    hiLi  another   start   for  a  new 
prospecting  venture    and    he    can  feel   assured    that    his    old   prospect    is 
being  gi^^en   a   fair    test    by   experienced  menc 
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Let   us   suppose,  then,    that    the    prospector    brings   his   proposition   to 
the    office    of    a  mining   company  that    is   prepared   to   do    real  ivork  on  any- 
promising   property.      Here,    for    the    company,    begins  the    first    stage    of    the 
valuing   of   the   prospect,    and,    as   stated   before,    one    of    the    first   factors 
is   the    character   of    the    other  party   to  the    deal    -    that    is,    the    prospector. 

In   the    first   place,    is   he    known   to  the    officers   of   the    company?      If 
so,    is   he    knovm.   as   a   good  prospector  who  has  been  able,    in  the   past,    to 
give   unbiased    (or  nearly   so)    judgrjent    on   the    worth    of  prospects    in  which 
he    is    interested?     Of   course    a   certain  amount    of    optimism  must   be   admitted. 
If  he   were   not    an  optimist,    he  v.;ould  long   since    have    ceased   prospecting. 
Likewise,    however,    the    exploration  branch    of    the    company  must   be    opti.nist- 
ic,    or    they  would   long   since    have    ceased   to    look   for   new  mines.      So  we 
may   leave   the    parties  at   quits  as   respects   optimism,    althoiogh  vje  may  allow 
the    company  Engineer    to   feel  that  with  the    prospector   lies   all   the    optim- 
ism,   and   on  his    hand,    the    prospector  may  be    inclined   to    feel   that    in  the 
company  and   its   officials    is   centred  all   the    cloudy  pessimism  of    the    smoke 
gloomed  cities. 

With  certain  prospectors    of   experience   and    stable    judgment,    one   might 
be    inclined,    without    hesitation,    to    send  an   examining   engineer   to   the 
property  with  little    discussion,    but    in  most    cases,    the    problem   of   optim- 
ism  must  be    considered,    and  as  much  information   as   possible   as   to   location, 
extent    of    known  breaks   or  veins  and  values,   must    be    obtained. 

If   the    prospector   has   taken   time    and  trouble   to  make   notes   of   all   of 
these    in  the    field,    it    is   helpful.      Otherwise,   we   must   remember   that 
distance    does   leave    a   ha  zy   halo    about    the    brightness    of   a   prospect    as   it 
does  with  all   other   things,    and    in   the    mind's   eye    the    one    or    tvjo   specks 
of   visible    gold  may  have   propagated    themselves    to    such  an  extent    that   gold 
shov;ings    cover    the    whole    exposure,    and   the    exposure   which,    when  he    left 
it,    was  about    the    length   of    two    shovels   and    the    width  of    one,    may  grow   to 
twenty  feet    on  the    new  mental  prints  which   are    developing  from  his    orig- 
inal  ocular  negative.      He    is   not    alv^ays   to   be    blamed.      He    will  be   as  much 
surprised,    and  more    disappointed   than  you  when   he    shows   it    to  you   in  the 
field   and   notes   how    the    sides   and   ends   of    the    trench   have    slumped   in   t  o 
cover    the    big   showing  that    he    thought    he    left. 

Presuming    that    the    prospector    -   or   his   agent    -  may  not    be    so   well 
known  to    the    company,    his   proposition  may  require   more    consideration  be- 
fore   talking  of   a   deal,    or  making  preparations   toward  examinations.      A 
great    deal   of   information  may    be   acquired   in   the    office   which  may   well 
determine    that    examination  is  useless.      The    first   item   of    this   information 
is    likely   to  be    ''Location'',    and    the    location   qiiery  may   have    reference    to 
two   factors:    (a)    Geological   relationships;    (b)    Transportation   facilities. 

(a)    Geological  Relationships 

If  maps    of  the    area  are   available,    they  ivi  11    be    of    great    help   in 
discussing   this   factor.      For    instance,    if   the    area   that    the    prospector    is 
describint    is    shovvn   on   a  good  geological  map   to   be    in  the   middle    of   a 
wide   area   of    granite,    then  the    Engineer   is   warranted   in   entertaining  a 
reasonable    amount    of    scepticism  as   to    its   possibilities  for  most    of    the 
metallic   minerals.        If,    on   the    other   hand,    the    map   shov;a   the    prospect    to 
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be    in  or   adjacent   to   strips    of  greenstone    or   sediments   flanked  by  granite 
or   intruded   by  porphyry,    diorite,    etc.    (pp.G7-69),    the    interest    of    the 
Engineer   is   likely   to    be    somewhat    stimulated. 

(b)    Transportation  Facilities 

The   next   factor   to    be    considered  is    the    factor   of   transportation. 
It  may   be   that    the    prospect    is  adjacent    to   a   railvay   or  is   in  a   position 
to  have  uninterrupted  waterway    transportation   to    the    railway   -   that    is, 
on  a  river   or    lake   at   a   point   v'hich  can  be    reached   by  water  with   no   port- 
age   or  transfers  necessary  between  the    prospect   and    the    railvvay.      In 
either   case,   the    transportation  facilities  may  be    considered  as   fairly 
satisfactory  for   almost   any   type    of    ore.      If,    on   the    other   hand,    the 
prospect    is  a   long  distance    from  railway  and   transportation   is    difficult, 
then  the    type    of    ore    is    important,     a   precious   metal  mine    does  not    need 
as  much    transportation   in  of  material   as   a  base   metal  mine   v/ould,    so   that 
transportation  facilities  'thafwould   appear   feasible    for  a   precious  metal 
mine  might    appear   hopeless   for   a   base   metal  mine. 

In  illustration  of  some  of  the  transportation  costs  that  must  be  con- 
sidered, it  may  be  noted  that  for  one  mine  it  has  been  necessary  to  expend 
over  $100,000  for  the  mere  building  of  a  road  to  the  property.  In  another 
case    (        "  '  )    the    freight    charges   to   and   from  the   mine   work   out    to 

approximately  .f-^V^.OO   per   ton.      In  another  mine    (:         .)      all   freight    must 
be    brought    in  during   the    summer  months.      In   this    case,    to   the    initial 
cost  must    be    added   the    cost    of   capital   tied  up    in   the    holding   of    some 
supplies   for    eight    months      before    their  use.      Another   factor   in  this   case 
is    the    precarious   position   in  which   the   mine   would    find   itself    if   the 
amount    of    supplies   required  were   underestimated,    or  an  unexpected  demand 
for   new  supplies  were    to    arise    during   the   ivinter  months. 

Let  us    suppose    that    the    Engineer   is    satisfied  with  the    information 
that    the   prospector  has   given   him,    and    the    information   that   he    has    obtained 
in  the    office   warrants   him   in   believing   that    there    is  a   probability   that 
the    prospect    offered  him   is   worthy   of    examination.      Under   these    circiim- 
stances,    he  may  make    arrangements   with   the    prospector   to   visit    his   prop- 
erty.     On  his    journey   to    the    ground  he   will   have    carefully  noted   the 
problems    of    transportation  and  will  have    determined  whether   or  not    these 
are   as   feasible    as   the    prospector  probably   has    told   him,    and  as   he   may 
have   been   led   to   believe   from  the    examination   of   his   maps   in  his    office. 
The    prospector  ivill,    of    course,    have    tended   -  perhaps   quite   honestly   - 
to  minimize    the   difficulties    of   access    to    the    region        but    the    Engineer 
will   bear   in  mind  that   transportation  facilities  which   are    quite    feasible 
for   one    or   two   men  with   canoe   and   light    camping   equipment,    may  be    quite 
inadequate   for    the    movement    of   machinery  and   other   equipment    necessary  for 
the    proper   examination  and   future    development    of    the    property. 

Having    satisfied   himself   that    transportation  problems  are   not    insuper- 
able,   the    Engineer  will   next    proceed   to    his   examination  of   the   prospect. 
Of   course,    it   would   be    an   exceptional  Engineer  who    could  withstand   the 
instinct    to    examine   any  prospect,    once    he    was   on   the    ground,    even  although 
his   observations  up    to    this  point    have    tended   to   discourage   his   hopes   for 
the  making  of  a  mine    in   that   locality.      Presuming,    however,    that    the 
Engineer,    up    to   this   point,    is    satisfied  as   to    locality,    transportation, 
etc.,    he   will   next    proceed   to    examine    the   ground,      ^/ithout    doubt,    the 
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prospector  will   first   wish   to    show  him  his    discovery,    and  any   other 
favourable    indications    that   his    de'/elopment   v/ork  up   to   this    time    has   ex- 
posed.      The    development    work  -.vill    likely   consist    of    some    stripping  and 
some    trenching  along   the    line    of   what    the   prospector   thinks  would   be    the 
extension  of  his    original   discovery.      Here    it  may   be    said   that    one    of   the 
common  weaknesses   of    the    prospector   in   the    Canadian  shield   is    to   be   ne- 
glectful  of    the    impression  that   a   sloppy   set   of    trenches   is   apt    to   have 
on  the    mind  of  the    examining  Engineer,      In   other  v/ords,    the    prospector 
neglects   to    '*iress  up"   his  property  in   a  legitimate   way   to  appeal   tb   the 
eye    of  an   examining  Engineer.      His    trenches   are   apt   to    be    too  narrow,    and 
to   have   not    been  continued   to    sufficient    lengths,    so    that    by  the    time    he 
has   returned  to  them,    the    sides   l:ave    caved    in  and    the    Engineer   is    delayed 
by  the    necessity   for    further   cleaning  off   the   showing  which  the    prospector 
assures   him   lies    in  the    bottom   of   the    slumped   in  trench.      The    delay  is 
not    conducive    to   a  good  frame    of  mind   in  the    Engineer,    and   although  all 
Engineers   are    honest   and    impartial,      yet   even  here,    we   must   remember   that 
at   heart    the    Engineer   is   a   human   being,,    and    even  with   him,    small    irrita- 
tions may  have    som.e    influence    in   determining;  hie    conclusions, 

V/hen   the    trenches   are   ready    for    exami-iation   the    Engineer    or    bis 
assistants  will   probably  do    some    preliminary    samplinge      IThile    the    assist- 
ants are    employed  with    this    task,    the    Engineer   himself   will   probably   be 
making   rapid  reconnaisance    of   the    geological    features    of    the    property. 
and  probably  the    gener^^l  geological   stiuctures   of    the    surrounding  area. 
The    prelininary    samples  may   be    s^nt    out    for    assaying    if    conditions   permit, 
and  if    the    returns  from  these   assays,    and    the   geological    layout   warrant, 
it    is    probable    that    the    sampling   cre'7  may   do    some    blasting   to   get   repre- 
sentative   samples   from  fresh   rock.      It    Is   probable    that    at    this    juncture 
some    definite    terms    of  a   deal  may  be   made    between   the    prospector  and   the 
company.      In  general    the    deal    ./ould   be    such    as   to   give    the    prospector  a 
cash   payment    of    say  .ftlOOO.  00 ,    for    "ohe    privilege    of  more   extensive 
examination  of    the    property,   v/ith  an   option  for  further  v/ork  or   purchase 
of    the    property  at    some    agreed  price,    if    the    company   is    satisfied  as   to 
the   value    of    the    property,    and    should  be    desirous   of    taking   it   up. 

Assuming    that    this   preliminary    examination   of    the    property  has   led 
the    company  to  consider   it   a  promising   prospect   up    to    this    stage,    the 
Engineer   will   probably  wisli   to    consider  mora    carefully  all    the    factors 
which  must    be    taken   into    account    in   the    ultimate    operation   of    the   mine. 
For   instance,    the    factor   of    transportation  lias   been   accepted  as    tentative- 
ly   satisfactory,    but    now  v/ill    arise    the    question   of    the    actual   cost   per 
ton   of   freight    delivered   to    or  from   i^he   mine,    and   a   translation   of    this 
freighting  cost    into  terms   of   cost   per   ton   of    ore   mined   and  milled.      This 
may   be    illustrated  by    the    conditions    obtaining  at    one    of    the    outlying 
gold  mines    in  Ontario   where    the    cost    of   freighting  supplies   and    trans- 
portation  of  material  and  men   into   the   mine    has  worked   out    to    a  rate    of 
ll.OO     per   ton   of    ore.      The    significance    of   this   charge   ma^'   be    realized 
when   it    is   noted   that    in  msny   cases    this   additional    cost    to   the   mining 
and   milling  would  make    the    difference    between  a  m.ine    that    could   be    oper- 
ated at   a    profit   and   a  mine    that  must    ultimately  be   abandoned.      Here, 
also,    we   may  repeat    that    the    factor   of    transportation   cost   would   be   a 
more    serio^^s   problem   in  dealing  v;ith   base  metal  mines    than   in  dealing  with 
the    precious   metal  mines.        The    other   factors    that  must   now   be    estimated 
in  a  more    careful   fashion  are    those    of   power,    fuel  and  water. 
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POWER 

In  general,    in  Northern  Ontario  and  Quebec   the  problem  of   power   for 
a  large  mine   can  easily  be   solved  by   the   development   of  Hydro-electric 
power,    since   in  most    cases   vrater  falls   or  rapids   sufficient    to   develop 
adequate  quantities   of   power  are   usually   to   be  found  within  feasible 
distances   of  any  mineral   area   in    these  provinces.      If  power   is   available 
from  an  established  line   belonging   to  an   outside   Company,    the    charges 
for    this  power  may  be   estirriated   from  the   rates    submitted  by  the  operating 
companies.       If,    on   the   other   hand,    it    is   necessary    to   install   a  privately 
owned  generating  plant    at    the  nearest   available  water  falls    or  rapids, 
the   Engineer  will  be  under   the   further  necessity  of   obtaining   an  estimate 
of   the   total   cost   of   powet   plant   and  transmission  line,    and   of    then 
calculating  a  reasonable   annual    charge,    based  on  capital    cost   and  main- 
tenance   charges.      This    annual  cost   must    then  be    charged  against   the   ton- 
nage of  ore   produced.      In  most   regions  of  Ontario  and  Quebec   the  po^;7er 
delivered  from  one  of   the    established   transmission  lines  would  range 
from  .^30      to  $100     per   horse   power.      Of    course   it    is   quite  probable   that 
the   higher   figure  may  be   exceeded,    but    it    is   highly  improbable  that   the 
cost   would   be    any  lower   than    the    .fJO  mentioned. 

If   the    property    is    too  far  distant    from  available  transmission  line 
or  power   site,    or   if    the   production   of    the   mine  does  not  warrant    the 
initial   capital   expense   of    the  necessary  transmission  line   or   power   site, 
it    is,    of    course,    always  possible   to   secure  power    from  steam  or   internal 
combustion  engines.      This   latter    source   of   power  must   always   be  more 
costly  than   electric  power    if   the  property   is    to   be  operated   over  a  long 
period   of   time.      Fuel   for    steam   engines  which  at  first    sight   m^y   seem  to 
exist    in  unlimited   quantities   in   the    heavily  wooded   areas  which  surround 
the  mine,    has  a   fashion    of  vanishing    almost  miraculously   into   the  devour- 
ing maw  of   the  boiler  furnaces,    and  the   cost   and  transportation   of   fuel 
oil   for  Diesel  engines,    the   most    efficient   of   the    internal    combustion 
type,    brings   the    cost  per   horse   power   even   beyond   the   higher  figures   for 
Hydro-electric   power    (in    some   cases   the   common  range   of   cost  for   Diesel 
power   would   be  from  |75    to   .^90   per   horse   power.  ) 

FUEL  AITO   TIMBER 

The  problem  of    fuel    in   the   areas  we  have  been   discussing  m.ust  become 
a  serious    one   when  we   consider    the   long   and   severe   winters   that  are   a 
climatic   feature   of   these   regions.      Not   alone    must    the   heating   of   the 
mine   and   mill  buildings   be   considered,   but  we  must  also    think   of  the   heat- 
ing of   the   camp  buildings   and  residences.      In   general    there    is  available 
a  sufficient   amount   of   fire   wood   in   the   forest   to    at   least   temporarily 
take  care   of  these  fuel   needs. 

While  considering  the   problem,   of   fuel   resources,    we  may  note   also 
the  fact    that   in    the   securing  of   fire  wood   it   may  be   possible    to    secure 
a  considerable  amount   of  mine    timber  necessary  for  underground  working 
and   timber   for  the   construction   of   the  mill  and  mine  buildings.      All  of 
these   features   the  Engineer  will  have   been  noting  while   he  was    calculat- 
ing the   available   sources   of  fuel. 
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WATSR 

Fortunately,  the  water  supply  for  mine  operation  in  the  Canadian 
shield  is  so  abundant  that  we  rarely  have  to  consider  it  seriously  as  one 
of  the  determining  factors  in  the  problem  of  successful  operation  of  a 
mine.   Paranthetically,  however,  it  may  be  noted  that  in  some  desert 
regions  there  are  ore  deposits  which  would  make  very  successful  mines  if 
an  adequate  water  supply  for  mining,  milling  and  domestic  requirements 
of  the  mining  camp  were  available,  •        -   ■ 


Presuming  that  all  the  costs  which  the  Engineer  has  been  considering 
would  not  be  prohibitive  for  normal  mining  operations,  further  examination 
may  be  continued.   The  next  stage  of  examination  is  likely  to  be  by  diamond 
drilling,  and  here  will  occur  the  first  test  of  the  present  transportation 
facilities,  for,  in  order  to  initiate  this  campaign,  there  must  be  brought 
in  to  the  property  all  the  diamond  drilling  equipment  and  all  the  food  and 
other  supplies  for  the  diamond  drilling  crew.   It  is  true  that  diamond 
drills  are  now  available  in  forms  which  may  be  transported  by  pack  horses 
or  by  aeroplane,  but  for  the  larger  standard  types  some  type  of  road  is 
usually  necessary. 

In  the  diamond  drilling  it  i s  probable  that  the  first  holes  will  be 
set  to  intersect  the  vein  or  probable  ore  deposit  at  shallow  depths  with 
the  second  set  of  holes  to  intersect  at  greater  depth,  and  the  third  set 
to  determine  the  extension  of  the  vein  or  ore  body  along  the  strike.   It 
must  be  remembered  that  the  information  from  the  diamond  drilling,  while 
valuable  and  essential,  must  not  be  considered  as  absolutely  represent- 
ative of  the  actual  condition  of  the  ore  body.   At  best,  each  diamond 
drill  intersection  is  the  equivalent  of  but  one  channel  sample,  and  no 
Engineer  in  charge  of  underground  operations  would  bo  satisfied  with  the 
small  number  of  channel  samples  that  is  made  possible  by  the  few  diamond 
drill  holes  that  are  ordinarily  put  down.   In  one  case  three  diamond 
drill  holes  have  intersected  an  extension  of  the  ore  body  and  the  highest 
results  of  the  cores  was  only  ,*1.29.   Drifting  on  this  ore  body  later 
proved  that  the  ore  was  of  good  grade,  but  that  each  of  the  holes  had 
intersected  it  at  lean  spots.    Of  course,  it  is  true  that  in  large  sul- 
phide bodies  the  chances  of  erratic  results  are  less  than  in  the  case 
of  gold  bearing  veins,  but  still  it  is  to  be  remembered  that  too  much  con- 
fidence must  not  be  placed  in  the  results  obtained  from  diamond  drilling. 
Information  as  to  the  geological  factors  of  rock  types,  fractures,  and 
veins  is  generally  reliable,  particularly  if  the  holes  have  been  surveyed 
for  at  least  their  dip,  if  not  their  direction.   But,  as  before  mentioned, 
information  as  to  values  must  be  held  as  purely  tentative  until  these 
values  are  actually  checked  by  later  underground  work. 

If  the  ultimate  results  of  diamond  drilling  indicate  the  probable 
extension  of  the  ore  in  depth  and  length,  then  the  next  step  will  be  to 
explore  the  ground  by  underground  operation.   This  brings  us  to  the 
question  of  shaft  sinking,  drifting  and  crosscutting. 

It  is  quite  probuble  that  in  the  less  accessible  regions  the  roads 
provided  for  the  bringing  in  of  a  diamond  drill  will  prove  inadequate  to 
the  burden  that  will  be  placed  upon  them  for  the  transportation  of  the 
plant  and  other  equipment  required  for  shaft  sinking.   This  plant  will 
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include  steam  engines,  or  other  type  of  engine  for  power,  compressor  plant, 
hoisting  equipment,  blacksmithing  and  steel  sharpening  equipment,  and  all 
the  other  machinery  essential  for  proper  prosecution  of  underground  work. 
If  the  shaft  is  to  be  carried  to  any  depth  the  power  plant,  compressor, 
etci,  may  not  be  very  much  different  from  the  equipment  which  would  be 
required  for  the  operation  of  a  moderate  sized  mine.   Hence,  on  a  pros- 
pect which  has  only  been  proved  by  diamond  drilling  results  and  surface 
trenching,  we  will  require  a  capital  outlay  which  is  comparable  to  that 
required  for  a  moderate  sized  operating  mine;   In  the  building  of  roads 
and  the  purchase  or  chartering  of  boats,  it  may  be  necessary  to  spend  as 
much  as  $100,000  before  even  starting  to  work  on  the  shaft  sinking  and 
underground  exploration. 

The  cost  of  shaft  sinking  varies,  of  course,  in  different  regions, 
and  also  varies  with  the  character  of  the  rock  encountered.   In  general, 
a  charge  of  $100  per  vertical  foot  is  a  reasonable  estimate,  and  this 
would  mean  that  we  would  have  a  preliminary  charge  of  at  least  $50,000 
for  the  sinking  of  a  300  ft.  shaft,  which  is  a  moderate  depth  for  under- 
ground exploration.   Unless  the  shaft  has  been  sunk  on  the  vein  and  in  an 
attempt  to  follow  the  vein,  no  underground  exploration  will  have  been  done 
by  the  making  of  this  hole  in  the  ground.   The  actual  underground  explora- 
tion must  be  prosecuted  by  lateral  work  from  various  levels  in  the  shaft, 
directed  in  such  a  manner  as  to  intersect  the  expected  continuation  of  the 
ore  or  vein  in  depth.   By  lateral  work  we  mean  tunnels  which  are  opened 
in  the  rock  along  horizontal  lines,   Vi/hen  these  tunnels  are  at  right  angles 
to  the  direction  of  the  ore  bodj'',  they  are  called  crosscuts.   When  a 
crosscut  intersects  the  vein  or  ore  body  it  is  customary  to  drive  a  tunnel 
or  tunnels  along  the  extension  of  the  vein  at  the  level  where  the  crosscut 
encountered  it.   These  tunnels  which  are  made  with  the  purpose  of  follow- 
ing the  direction  of  the  vein  are  called  drifts.   In  the  underground 
exploration  it  is  probable  that  we  would  endeavour  to  intersect  and  ex- 
plore the  ore  body  or  vein  at  123  ft.  vertical  intervals  so  that  from  the 
shaft  we  would  have  a  series  of  crosscuts  and  drifts  at  123  ft.  ,  230  ft,  , 
573  f"t.  ,  and  300  ft.  depths.   Each  one  of  these  series  of  workings  is 
called  a  level.   As  in  the  case  of  shaft  sinking,  the  cost  per  lineal  foot 
of  crosscutting  and  drifting  will  vary,  but  we  are  probably  close  to  an 
average  when  T/e  suggest  a  price  of  ,;;:20  to  $23  per  foot  for  the  lateral 
underground  working. 

The  purpose  of  the  lateral  ?7ork  underground  is  the  exploration  of  the 
ore  body  or  vein  for  continuity  and  values  at  depth  so  that  the  lateral 
work,  particularly  in  drifting,  must  be  accompanied  by  very  careful  samp- 
ling of  the  rock  through  which  the  drift  is  passing.   This  sampling  is 
done  by  cutting  channels  across  the  face,  that  is,  the  end,  of  the  drift, 
every  time  a  round  of  rock  is  taken  out,  and  in  addition,  at  regular 
intervals  along  the  back  (the  roof)  and  walls  of  the  drift.   In  the  cross- 
cuts it  is  also  wise  to  take  samples  regularly  in  order  that  no  possible 
minor  or  inconspicuous  vein  may  be  overlooked.   This  collecting  of  samples 
is  the  final  work  in  the  estimation  of  the  probable  value  of  the  property, 
toward  which  all  the  other  work  has  been  practically  preliminary.   In 
passing,  mention  might  be  made  of  the  problem  of  computing  the  values  as 
obtained  from  the  large  number  of  sarnples  that  may  be  taken  from  any  ore 
shoot  (a  part  of  the  vein  in  which  the  values  are  consistently  of  ore 
grade  for  considerable  distances  without  interruption) ,   It  may  be  found 
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that  the  samples  will  range  in  value  from  zero  to  :j^8.00  to  $20.00  and  even 
$100.00.   Sometimes  it  is  suggested  that  all  parts  of  the  samples  carrying 
free  gold  should  be  discarded  before  submitting  the  sample  for  assaying, 
and  again,  some  individuals  hold  that  all  the  high  grade  values  in  the 
assay  returns  should  be  discarded  in  making  up  the  average  for  the  ore 
shoot.   Obviously^  neither  of  these  procedures  can  be  mucli  more  accurate 
than  the  inclusion  of  the  high  grade  in  the  samples  or  the  including  of 
the  high  assays  in  the  computation,  for  it  is  evident  that  in  later  opera- 
tions the  free  gold  particles  will  go  to  the  mill  and  add  their  value  to 
the  general  value  of  the  ore.   One  method  which  has  been  found  fairly  satis- 
factory is  to  compute  the  assay  returns  from  a  large  number  of  samples, 
e.g.  800,  including  all  assay  returns  received.   This  average,  we  will 
say,  works  out  to  $25.00.   All  the  high  grade  values  are  then  reduced  to 
this  average  figure,  and  on  this  basis  the  average  value  recomputed.   The 
result  of  recomputation  in  the  instance  cited  gave  an  average  value  to  the 
ore  shoot  of  $l6.00.   Later,  milling  returns  checked  very  closely  with 
this  value.   It  has  been  found  in  some  cases  that  the  final  mill  rum  of  ore 
shoots  so  computed  tallies  very  closely  with  the  average  figure  obtained 
by  this  method.   Of  course,  it  is  to  be  remembered  that  a  method  of 
computation  for  one  ore  shoot  may  have  to  be  slightly  modified  in  being 
applied  to  another  vein  or  ore  shoot. 

RAIS5S 

When,  by  the  means  of  drifts,  the  veins  or  ore  bodies  have  been  out- 
lined on  each  of  the  levels,  the  next  process  is  to  determine  their  con- 
tinuity in  the  regions  lying  between  levels.   To  do  this,  raises  are  put 
up  from  one  level  to  the  next,  the  raise  following  the  ore  body.   A  raise 
is  simply  a  more  or  less  vertical  opening  extending  upward,  generally  from 
one  level  to  the  level  above.   If,  by  means  of  raises,  the  ore  body  has 
been  found  to  be  continuous  through  one  or  two  levels,  the  ore  aay  be  said 
to  be  well  outlined  in  those  areas  bounded  by  the  ore  exposed  on  the 
levels  and  in  the  raises.   To  ore  which  is  thus  outlined  is  given  the  name 
"Ore  in  Sight"  or  "Developed  Ore".   To  ore  which  is  indicated  only  along 
the  level,  without  delimitation  in  vertical  extent,  is  given  the  name 
"Indicated"  ore.   A  further  classification  is  sometimes  suggested  where 
ore  has  been  penetrated  by  the  drill,  but  has  not  yet  been  exposed  by 
underground  work.   To  this  class  is  sometimes  given  the  name  "Probable" 
ore.   It  is  not  felt  safe  to  assume  that  single  diamond  drill  holes, 
especially  in  gold  bearing  veins,  can  give  definite  proof  of  continuous 
ore  bodies.   Ore  may  be  hoped  for  in  these  places,  but  until  the  drifts 
have  proved  the  continuity  of  this  ore,  it  must  remain  only  "Indicated" 
ore,  and  until  it  is  further  proved  by  raises  through  the  ore  bodies,  it 
cannot  be  called  "Ore  in  Sight"  or  "Developed  Ore". 

MILL  BUILDING 

Presuming  that  the  underground  operations  have  developed  sufficient 
ore  and  have  indicated  a  further  reserve  of  indicated  and  probable  ore  to 
warrant  continuous  operation  over  some  time,  the  next  step  in  the  mining 
operation  is  the  building  of  a  mill.   Until  such  developed  and  indicated 
ore  has  been  outlined,  there  should  be  no  attempt  to  proceed  with  the 
erection  of  a  mill.     It  is  true"    that  in  some  cases  the  optimism  of  the 
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operator   or   the    propaganda  mentalitj  of   the    developing  Company  may   cause 
them  to    proceed   with  the    building   of    a  nill   before  any  reasonable    amount 
of   ore   has   been   outlined,    and  many   thousands   of   dollars   have    been    lost 
and  iiany  possible   mines  wrecked   through  the    diversion   of    capital   that 
should   have    been   used  in  underground  development    going  to    the    erection   of 
a  mill. 

Our  next   problem  is   to   determine    the    sise    of    the   mill   that   would   be 
the   most   efficient   for    the    handling-   of    the    ore   under    the    conditions   as 
indicated   by:    first    the    amount    of    ore    indicated,    and   second   the    character 
of    the    ore.    If   the    mine    is   a   precious   metal   mine,    e.g.    gold,    the    problem 
of  recovery  mil  depend,    to    a  large    extent,    on  the    character   of  the    gold. 
For    instance,    it  may  be   coarse    gold   or  very  fine    gold.      The    coarse    gold 
is   usually  what   is    called    the    free   milling  type.      The    very  finely    dissem- 
inated  geld   may  be    so  fine    that    it    is    necessary    to  grind   or    crush  the    rock 
to    a  powder   finer    than   ordinar:},^    flour  before    the    gold   particles  will  be 
freed  from  the    surrounding   rock,    or,    if    enclosed   in   a   rock  particle,    will 
be    exposed  along  some   faces   of    that   particle    to   the    action  of    the    solutions 
which  are    later   to   be   used  upon  them.      For   instance,   with    some    types   of 
ore    it    is    possible    to   rem.ove    a   large    amount    of   the    gold  with   a   preli.ain- 
ary  grinding   and   concentration   at    63  mesh,    with   finer   grinding  for   the 
residues.      V/ith    other    ores    it    is   necessary   to   grind   everything   to    200 
mesh   or   3OO   mesh,    if    possible.      It    is    evident    that   milling   equipment   for 
the    latter   type    of   ore  must   be  more    extensive    than  for    the    former.      Again, 
the   period  that    the    ore   must   remain  in  solution  may  vary.      In  some   cases 
the   most    of    the    gold   is   removed   after  the    ore    has   been  in   circuit   for  a 
comparatively   short    time,    while    in  other   cases   the    time   may  have    to   be 
doubled   to    effect   the    same   extraction.      In   dealing   mth  an  ore   which    re- 
quires a    long  period    of    time    in    circuit,    it    is    obvious   that   a   larger  mill 
with    larger   or   more    tanks  must    be    provided   to  handle    a   given  number    of 
tons    per   day. 

Bearing  all    these    factors   in  mind,    the    designing  and    building-   of  a 
mill  may  be    proceeded  with,    generally   in  consultation  with  milling   experts. 
Usually   it    is  wise    to  plan   for    a    smaller  mill   at    the    beginning,    leaving 
the    problem  of    a  mill    of    larger   capacity  Tintil   a   fe\7  years'    work  has   de- 
termined  the    type    of   milling  best   suited   to    the    ore    and    the    probable    ore 
output    of    the   mine.      The    cost    of    a   mill    to    handle    a  moderate    tonnage 
would    range   from  $200,000    to   ^400, 000. 

With  the    building'    of    the    mill,    the  mine   may  be    said    to   be    ready   to   go 
into   production,    and    it     is  probable    that    the    total  cost   up  to  this  stage 
for  a    small  mine   would  not    be    under   $300,000. 

OPERATION  COSTS 

With    the    coming   of    the  mine    into   production,    there    now  arises    the 
problem   of  further   costs  which  may   be  more    complicated   than  would    appear 
at    first    sight.      The   wage    roll,    of    course,    is    an    obvious    cost,    and    this 
will  vary  with  the    location   of    the    property   and  the    living  conditions 
which  are    incident    to    the    locality.      In  general,    the    wage   rate    in    the 
mining   industry   is   the    highest    of   any   industry  in   Canada,      A   second   cost 
to    be    charged   against    the    ore    is    the    tax   imposed   by   the    Municipal,    Pro- 
vincial  or   Federal  Gm-ernments.      The    third  cost    is   the    charge    that  must 
be   set   aside    for  v/orkmen's   Compensation,    in  which  aiay  be    included    the 
fund   to  be    set    aside   for   minor  and   xib j  or    injuries,    silicosis,    and    other 
pension  funds. 
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In  conclusion,  I  may  illustrate  the  difficult  problem  of  estimating 
the  value  of  not  only  a  prospect  hut  an  operating  mine,  by  referring  to 
an  incident  that  took  place  in  the  early  days  of  the  Cobalt  camp,   A 
highly  placed  M"ining  Engineer  from  one  of  the  great  mining  Companies  of 
England  was  sent  by  his  principals  to  look  over  the  Cobalt  camp,  and, 
if  it  seemed  wise  to  him,  to  purchase  some  property  or  to  make  investments 
in  one  or  more.   One  mine  in  particular  was  investigated  by  this  Engineer. 
The  owners  of  the  mine  set  a  price  of  one  million  dollars  on  the  property. 
Expert  as  this  Engineer  was,  in  examining  and  estimating  the  values  of 
mining  properties  all  over  the  world,  he  was  not  able  to  make  up  his  mind 
as  to  whether  the  mine  was  worth  this  sum  or  not.   Ultimately  the  prop- 
osition was  turned  down,  and  yet  that  mine,  in  the  rest  of  its  life, 
turned  out  over  seven  million  dollars  in  silver. 

Incidentally,  this  difficulty  of  estimating  the  value  of  Cobalt 
properties  has  proved  a  great  boon  to  the  Canadian  investors  in  mining 
properties.   Outside  capital,  unfamiliar  with  the  silver  occurrences  .of 
the  Cobalt  camp,  hesitated  to  venture  any  appreciable  sums  on  investments 
in  that  camp.   The  result  was  that  the  ownership  was  held  among  the  orig- 
inal prospectors  and  their  backers.   These  men,  mostly  Canadian,  as  a 
result,  received  practically  all  the  profits  from  the  Cobalt  camp,  and 
this  money  has  since  been  turned  back  into  the  mining  camps  which  have 
been  developed  later,  so  that  to  the  original  capital  contributed  from 
Cobalt  operations,  we  owe  most  of  the  Canadian  investments  in  the  Timmins, 
Kirkland  Lake,  and  other  mining  areas  of  Ontario  and  Quebec.   It  is  well 
to  pay  this  tribute  to  the  old  Cobalt  camp  as  the  founder  of  our  present 
Canadian  mineral  industry. 
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UiJJERG:^OUiro   OPERATIONS 

G.Ct.    'i'illi:j_s,    B.A.So. 

It    is  needless   to   say   that    any   discussion   of  underground   operations 
in  the    space    of    time    at    our    disposal   must    be    of    the    sketchiest    possible 
character,    and   with  no   attention   to    technical  detail.      I    undcrau^nd   that 
a    considerable   number    of    those    attending  this   series   are    interested  from 
either    the    investor';-    or   a   business,    ^.oint    of   x'iew,    and    in   thinking   of 
what    I    should   saj''    tonight,    I    aave    tried   to    „eep    that    in  raind. 

Ai'iisr   consultation,    v^e    decided   it   would   best    serve    our   purpose   to 
briefly   describe    the    various    operations   underground    and    then,    if    time 
permit,    to  more    thoroughly   examine    certain  phases  v;hich  might    be    of  par- 
ticular  interest    to   you. 

Assuiiiing   that    a  property    has   reSpOiideJ   favourably    to  preliminary 
development,    it    then  becomes   necessary   to    check    those    indications   by  work 
underground.        In  mountainous    regions,    access    to   underground  workings   is 
often  made    by    adit    or    tunnel;    but   here    in   the    east,    either  vertical    or 
inclined   shafts   are   used,    depending   on    the    circumstances.      '7ith   flat    dip- 
ping veins,    especially   in   preliminary   work,    the    incline    is   often   selected; 
but   for    fast   hoisting,    permanent    production  ivork,    the    vertical  seems  most 
suitable.      True,    in   some    South   African  and  Michigan  mines,   very   high 
speeds   are    attained   on   inclines;    but,    generally   speaking,    the    vertical   is 
more    satisfactory.      The    location  and    size    of    the    shaft    is    decided   on  from 
the    information  gained   in   the    preliminary  ?;ork,    and    also  from   its   proposed 
use    as   a   future    production   shaft    or    as   a   preli.ninary    exploration  opening. 

Usually  a   lift    of   from  four   to    six   hundred    feet    is    decided  upon  as   a 
starter,    with   level   stations    being   set    off   at    intervals   of    from   one 
hundred    to    one    hundred   and    fifty  feet,    according    to    conditionSf      I    regret 
that    I   must    always   keep  repeating   that    decision   on   nearly   every    question 
must   be  made    "according  to    conditions   encountered."     Unfortunately   ore 
bodies   are    not    nice    tabular  veins  with   clearly  defined  walls,    but    are 
extremely   variable    in    shape,    continuity  and    value;    and   40    two    of    them  are 
exactly  the    same  .      \Je    decide    the    level    interval   as   a    compromise    between 
two   factors.      It    costs   a   very  considerable    amount    of  money    to    develop   a 
level    on   the    one    hand;    and,    on   the    other,    if   they   are    too   far   apart, 
valuable    ore    bodies   are    apt    to    be   missed  between   levels,    and    the    cost    of 
extraction  and    difficiilty  of   working   is   somew/hat    increased. 

V/ith   our   shaft   lift    completed,    and   levels    turned    off,    we    run   cross- 
cuts   out    to    encounter    the    vein   or    veins    on  each   level,    and    then   proceed 
to    follow   these   veins  with  as  many  machines   as   our   facilities   will   permit. 
Follovjing  these   veins    is   not    always  as   si.iple    as    it   might    appear;    but,    by 
careful   sampling  and   observation  of   faces,    vjith    the    correlation   of   results 
above    and   below,    and   the    assistance    of    the    diamond   drill,    it    is   usually 
possible    to   keep   reasonably   on   the    ore.      As    this   will  be    discussed   in  de- 
tail  later,    we   need  not   go    further    into    this    question  now.      Drives   are 
usually  made    3'    x   7'    or    b'    x  3'    depending   on  probable    size    of   production 
cars;    and  ordinarily  no   attempt    is  made    to    clean    ore    to   the    walls    in   the 
preliminary  work. 
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Now,    if   ive    are    fortunate,    this    development    has    shov/n    siifficient   prom- 
ise   to    justify  plans    for   production.      Certain   ore    bodies   have    been   indi- 
cated which   have    further   been    checked  by    running  raises   between  levels    in 
these    bodies   to    check   their    continuity   in    that    direction.      Too  much   stress 
cannot    be    placed   on   the    necessity   for    these    raises,     llany  a  hoped-for 
stope    from   level   results   only,    has   proven   just    a   couple   of    small   lenses 
after   mining   began.  .  /'.. 

From  all    the    f.nforraation  gathered   in   development,    both  from   surface 
and   unde]'grouni ;    fiom  the    general    geological    relationships   and    from   in- 
formation  obtained  from   other  mines    in  the    district  ,    if   any,    v/e    can  make 
plans   for  actual    production.      The    tonnage    and  method    of   mining   v^/ill    be 
determined  from  the    feet  or  s  mentioned    above..         It   may    be    noted   here    that 
it    is    better   to    err    on  the    side    of    under   rather   than 
especially   in   the    initial    stages. 


over  tonnage, 


The  methods  of  mining  must  be  suited 
insofar  as  we  imow  them,  and  a  fevi,'  of  the 
country  v;ill   be    described  briefly^ 


to   the    habits    of   the    ore    bodies, 
more    common  methods    in   this 


^laced  across 
centers. 


In   extracting  the    ere,    the    simplest   method    is    the    timbered   shrinkage 
stope.      The    preliminary  drift    is   widened,    if   necessary,    to    the    walls    of 
the    body,    and   another   cut    taken  from   the    roof  „      Timber    is   p] 
this    excavation  with   chutes   at    intervals    of    from  12'    to   l8' 
Successive    slices   are    taken  from   the    oack    vith   the    excess    being  drawn   off 
throxigh   the    chutes   at    the    bottom.      In  average    gold    quartz,    it    takes   twelve 
cubic   feet    of    solid    ore    to  make    3    tnn.      V'/he:.i   broken,    it    takes    twenty   cubic 
feet.      Obviously,    tc    maintain   the    opening,    rhe    excess    of    eight    feet   must 
be    drawn   off.      Access   to   the    stope    ia   maintained  by   timbered  man^/ays 
through    the    broken  ore;    or   through  rai.ses    to    the    level    above. 


Figure  ]A  illustra 
end  of  suope^  with  car 
ladder  shoiving  entrance 
timbering  a  w:i  le  stope, 
most  veins,  as  illustra 
wondered  hoiv  timbering 
hundred  or  more  feet  of 
the  broken  ore  helped  b 
by  arching.  In  Figure 
impossible  to  draw  the" 
much  has  been  taken  at 
what  sketchy  platform  b 
ing  and   standing   on    tha 


tes  what    a    tLmbered 
in  place    under    the    c 
to  manway.        Figure 


arid   also   gi-^j-es   some 
ted  by   the    location 
of   this    kind    could   p 

ore.      Ox    course    it 
7   thrusting  most    of 

IC   3   miner    is    seen 


excess  ore  off  quite 
this  place:  ■^^o  the  m 
.7  pulling  a  piece  of 
t. 


level    looks   like    close    to   the 
hate    to    receii'e    the    ore    and 

IB   illustrates    the    uethod   of 

idea    of  the    winding   course    of 
of    the    track.        It    is    often 
ossibly   hold  up   a   height    of    one 
could   not    possibly   do    it   unless 
■-ts  weight    against    the   walls 
drilling,    off   a   rounds      It    is 

evenly;    and,    in   this    case,    too 
ine r   has  made   himself  a   some- 

drill   steel  across    tne    open- 


ore    is 


important 


As  may    be    seen,    a    considerable    reserve    of    broken 
stope   when   the    next    level   is   reached;    and   this    is  cOi 
balancing   operations.        A  general  view    of  mining  methods,, 
is      shown    in  Figure    2^        However,    tne 
ibility  necessaiy    to   m-ine    irregalar   and    split-up    ore    bodies 


left    in   the 
factor    in 
timbering   etc. 
method   does  not    permit    the    flex- 


.  :' .. 


■iv- 


-tir, 


FiaURS  3. 


Mill^liole 
ore^  dump 


0   ^ace    ptige    116. 


air  an<K  vatec?.^^^  „, 


>. :' 


i?  m>    ^    .•  .       •       .     .    ••       • 


1/ 
a 

1 


0 


Usual   height   be1iv/een-4\        .  ;'-  "  "i 
tram  levels  li*-^=^-i]'^- ''-^ 

=   150».  "^  "•"'•1 


\ - 


I 


:if ',::■;' '^^^ 


/  •■. . 


(.longitudinal    Seotion) 

CUT      >d'JD     Pi[lL 


TT" 


STOPING 


(Plan) 


FIGUIiE   2. 


116. 


I         i      ■- 


/ 


Figures   j   and   4    illustrate    ihe    cut-and-fill  method  v/hioh    is    now   being 
extensively  used    in  Porcupine    and  Kirkland   LaKie .      I «    is    quite    flexible    and 
is   valuable   where    the    ore    body   is    irregular   and    it    is   desirable    to    follow 
stringers    into   the    walls,    or   to    avoid  horses    of   waste   rock,    as    is   illustrat- 
ed     in  Figure    3. 
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As    shown,    ore    is   mined   on  one    end    of    the    stope   for   a   distance    as 
long  as   is    safe.      This    is    shovelled   and    trainmed   to    the   mill   holes   at    the 
right    of    the    illustration.      At    the    same    time,    the    space   made    in   the    op- 
posite   side    is   being  filled  with   either  vi/aste    rock   or    sand.      Temporary 
sets    of    timber   keep    the    back    secure    at   all   times.      Although  more    costly 
than   shrinka^^e    stopin^^,    the    hi.'-jher  extraction   of   clean   ore,    and    safety, 
make    it    desirable    in  many   cases. 

Figure    ^    illustrates   a  modification  of    the    cut-and-fill    systeu,    with 
the   mine    platform   set    in   stulls    instead   of  fill. 
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Wiie  re    ore    is  ver/   v^feak,    sq.u-dre    setting-,    either  filled   or    unfilled,    is 
resorted   to,    as    shown    in  Figure    6.    Where   vein   lies    so    flat    thut    ore   will 
not    run   by  gravity,    it    is   scraped    to   the    ohutes    by   small   hoists   attached 
to    hoe-like    scrapers.      These    stopes   are    open,    mth   the    roof    supported   by 
pillars   or  tiuibers,    as   required,    as    illustrated   in  Figure    7 » 
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these    methods   are   used,    as 
serve    to   illustrate    the    general 


Many  modifications    and    combinations    of 
well    as   ethers  not    .mentioned;    "but    they   ^/ill 
plan.      V-jrious      caving  methods   as  used   in   some    copper  mines   and    at    Thedford 
Mines   in   Quebec    -   and    sub-level,    as   at   IJoranda,    as  well   as  many   combina- 
tions  and   variations    of   these   methods  will  not    be    described. 


Ore    so    broken    is   put    into    cars   and   brco.ght    to   the    shaft  to   be    hoisted 
to    surface.      In    aiiall    operations    the    cars   are   put    on  cages   and   hoisted. 
Indeed,    this  method   may   be   used   for   lar^-ie    tonnage,    as   I'^'as   the    case    at 
Noranda,    where    different    types    of    ere    came   up.      In  general,    the    cars   are 
dumped   into   pockets,    from  whence    they   go    into    the    ships   for    the    top. 


This    is   simply   the    sketchiest    possible    view- 
underground   operation,    i-vith  no   attempt    at    detail 


technical   problems 
our    disposal.      It    is 


sion  of  those  phases  of  underground 
interesting  to  you  in  your  business 
c[uestions  as  may  be  brought  to  ./our 
rumour,  ond  which  you  would  like  to 
yourself    or  for   others. 


of  the    mechanics    of 
or  discussion   of  various 
It    is    obvious    such    iwuld   be    impossible    in  the    time    at 
simply  given   as   a   general  background    for    the    discus- 


operaticn   as  ma/    be    particularly 
capacities.      By   that    I  mean   such 
attention  in  news    items   or  through 
be   able   to    interpret    correctly   for 


One    such   subject    is    ''Sampling-'    and   the    interpretation   of    its   results. 
A   sample    has   been   defined  as    "a   small   portion  truly  representative    of    the 
whole;''      and    it    is   well   to  keep    this    definition  in  mind   v^hen  considering 
this  very   important    subject.      Usually,    in   development    v;ork,    every  face    is 
sampled   by   chipping'    a    s.iiall   channel  about    taree    to   four    inches  wide   and    a 
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scant    one-quarter    inch   deep   across    the    face.      VZ-iere   widths   of   substanti- 
ally different   hardness   or   richness    occur,    these    are    usually   cut    separate- 
ly.     This  is   simply   a  mechanical  means    of    assisting    the    getting   of    a 
proper  mechanical    result.      Even    ^   careful   ^'vorkman   '/ould    tend   to  get   more 
of   the   softer  material   in,    and    thus   tend  to    spoil   the    result. 

Where    the    streaks    are    badly   twisted,    channel    sampling   is    often  found 
unsatisfactory  and    car   sampling    is    substituted.      In    ohis   method  a    small 
portion   is   taken  from   the    top   of    each   carload,    from  the    round,    and  all 
these   portions   put    together  as    the    sa^mple    for    that    round.      While    this 
method    tends   to   get   a   larger   proportion   of  fines    than  average,    it    is 
found   generally   satisfactory  when   carefully  done,    and  in  some    cases   super- 
ior   to    the    channels.      All    crosscuts   should   be    channelled   and    sufficient 
stope    sampling   done    to    guide    the    work. 

One   essential   to   any  method    is    that    it    must   not    show  a    fixed   error. 
In   other  words,    it   must    be    as   likely    to    sho"  higher   than   the    average   as 
it   would    to    show    lower.      No    one   expects   any   given   sample    to    show    exactly 
the    same    as    the    mass.      Tnat   we   do    expect    is    that    a    considerable    number, 
properly   taken,    will   average    close   to    that    amount. 

Having  adopted   a  method,    we    should    follovi/    it    as    impartially  as   pos- 
sible.     \Ye    '^..ve   heard   it    stated   as   a  x'irtue,    that    in  sampling,    all    free 
gold   was  avoided.      In  my   judgment,    that    is   nuite   wrong   -   take    the    sample 
impartially,    and  then  make   any  necessary    allowance    in   the    interpretation 
of  results. 

The    interpretation   of    a   set    of    sampling   is    something   which  requires 
a   good    deal    of    experience    and    judgment    in   order   to   arrive   at   a   proper 
conclusion.      Of   course,    it    is    coriimonly   knoivn   that   we   must   not    take    the 
arithmetic  means   as    being  the    average  value »      If    the    sample    be    taken  at 
equal    intervals,    the    sum   of    the    products    of   the    length    of    each    sample, 
multip;].ied   by   its  assay    value    and    divided   by  the    total    length,    gives    the 
true   average.      It    is   only  the    old  public    sclbool   problem   of   finding  the 
price    of    a  pound    of   tea    if    the    grocer  mixes   fifty  pounds    of    forty-cent 
tea   with   sixty-five    pounds    of    thir ty-f ii^e-cent    tea.      li'    the    samples   are 
not    cut   at    even  intervals,    we    take    areas   represented  by  each   saniple    and 
multiplied  by   its   assay,    and    divide    by   the   v>/hole    area.      But,    in   assigning 
the    value,    and  in   taking  the    width,    often   judgiment    must   be    exercised. 
No  width  less   than    it    is    possible    to  mine   can   be    used.      T^ie    width  must 
be    extended  by   adding    sufficient    to   uoake   a    stoping  width  at   a    zero    assay. 
And   then   comes    the   very   troublesome    problem   of   abnormally   high  assay. 
V/e    have    stated   that   v;e    take    the   samples   impartially;    but    experience    has 
abundantly  proven   that   v;e    cannot    treat    the    results  mechanically. 

In   the    absence    of    any   parti cu.lar   experience    to   guide    one,    as   in   a 
nevv   district,    probably  the    best   method   is   to    take    the    average   mechanically 
and   then   substitute    this   average   value    for   the    high    erratics.      V/here    the 
habits   of  the    ore    are    better   \vaovin,    these    erratics   are    sometimes    cut    to 
an  arbitrary   figure   for   each  vein.      In  any   case,    they  must   not    be    dis- 
carded;   and  I    think,    in  no    case    should    they   be    taken  at   full  value. 

But   the    Ei^gineer,    in  making  his   estimate    of    the    probable    value    of 
the   mill   head,   must   go    further.      He  must   take    in    the    factor   of   dilution. 
That    is,    he  must    allow  for  the    i^^aste   which  must    inevitably   come    in  with 
the   ore.      Too  much    stress   cannot    be    laid   on    this    factor.      Failure    to 
properly   estimate    this   factor   has   led   to   many   disappointments   in  the    past. 
In  practice,    ore    bodies   are    highly   irregular    in    stepe   and   continuity,    and 
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vary  gi-eatly   in  value.      A   twenty  to    tiventy-f ive    per   cent    dilution  factor 
is   not    uncoraraon. 

Aa  a   su^^gestion   to    the    layman    in  the    interpretation   of    sampling  re- 
sults,   I   v\?ould    stress  the    fact    that    one  must   not    he    unduly   impressed  with 
a   few  high  assays.        Before    any   importance    can   be    attached,    we   must    laiow 
how   the    samples  were    taken  and   how  much   tonnage    they  represent.      They 
show   qtialit^'   but    not    quantity;    and,    without   the   latter,    they  mean  nothing. 
It    is   also  well    to  remember   that    the    sampling,    to  mean  anything,    must    be 
carefully  and    methodically   done,    and    the    results    carefully   compiled.      To 
state    that    samples   run  from    -2.00    to   $200.00    (as   is    often   done)    is  value- 
less,   if   not    intentionally  misleading. 


FICTDING   ORE 

V/e  might   now   turn  for   a  moment    to   ore -finding  underground.      As   stated, 
the    search  for    ore    never   ceases    till    the    mine    closes   dovm.      Every    available 
aid   is   used   in  finding  new   bodies   and  mailing   sure    that    the    old   ones   are 
completely  mined.      In   stoping,    the    avails   are    constantly   tested    to  make 
sure    no    ore    lies   behind.      In   extending    the    drifts,    all   inl'ormation   on  the 
levels  below   and   above;    all   possible    information   from  adjoining  properties, 
as  well    as    a    thorough   study    of    the    geological    relationships,    is    correlated 
in  making  plans. 

V7ith  all    available    geological   knowledge    and    assistance,    the    old- 
fashioned  method   of    cutting  up  favourable    territory   into    suitably-sized 
pieces   has   not   been   superseded.      The    size    of    the    pieces  will   depend   on 
circumstances.      It    costs  money   to    crosscut    --  and    it    costs  money    to    diamond 
drill    -   so   that    the    expense   must   be    set    against    the    probability   of   finding 
ore.      Just    as  we  may  lose    ore    if  vve    set    our    levels   too   far   apart,    so  may 
we    lose    ore    if   we    set    our    crosscuts    too    far  apart.      T'^e    diamond   drill   has 
proven   of    the    utmost   value    in    the    location   of    ore    bodies,    and    is  valuable 
in   the    operating  mine    as  well   as    in   the    preliminary   investigations.      Mi. en 
we    consider    that    one   Northern   Oxitario  mine    lias   drilled   over   370  miles   of 
hole,    and,    in   one   year   over   30  miles   -   some    conception  of    its    importance 
and   value   may   be    obtained,,      '/'ile    fully  recognising   its   x^alue ,    it    must 
also  be    recognised   that    it    has  very  definite    limitations  and    that    great 
caution  must    be    exercised   in   interpreting;    its   results.      Vi-^n^'  cases  may  be 
cited  V7here    the    drill   has   penetrater"    barren  vein  matter,    whereas   a   few 
feet   away   valuable  mineral   ^vould    ha^''e    been    disclosed;    and  t  ne    reverse    is 
equally   true.      One    interesting  feature    of    diamond   drill  holes    is    that    they 
practically  never    run   straight;    indeed,    about    the    only   siore    thing  about 
a   diamond  drill   hole    is    that    it    will  not    be    -vhere    it    is   expected,      "/hile 
there    is   a    tendency   to    flatten   out    and    also    to    swing  normal    to   the    schist- 
ing,    holes  which   have    been    surveyed    often    show  a  most    tortuous    course, 
with    deflections    in   all    directions.      This    f;^ct,    coupled  with    the    extremely 
small    section  of    the    vein  which    is    recovered,    indicates    that   we    should 
take   diamond   drill    information,    as   a    general   rule,    qualitatively  rather 
than   quant  itatix^ely.      It;s   value    in   showing    structural   relationships   is 
often   great.      Obviously,    the    more    uniform  the    material,    and    the    more    holes 
we    put    in,    the    more    reliable   will   be    our    information.      One    or   two   holes 
in  a   spotty  ore    body   should  be   given  about    as  much   weight   as   a   grab   sample. 

To  find   ore    underground   requires    constant   vigilance    on  the    part    of 
all;    and  the    correlation   of    every   available    bit    of    information  which   the 
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drills   and   woi'kings   on   other   levels   and    surrounding  properties   afford. 
T   is,    ooupled  with   a    fair   arnomit    of    luck,    will  usually   locate    the    ore    if 
it    be    there. 

From  the    assay   plans   and   development    records  vje    are    enabled   to   calc- 
ulate   our   ore    reserves.      In   some    cases,    these   are   not    published;    but 
nearly  every  Ilanager  makes   his    oi-m    calculations.      A   considerable    difference 
of   opinion   obtains   as   to    the   meaning  of  various    termS*      Herbert  Hoover,    in 
his   book   "Principles   of  Ilining'',    suggests    the    following: 

Proved    ore    -  where    practically  no   risk    of    continuity. 

Irobable    ore    -   some    risk,    yet   warranted    justification   for   continuity. 

Prospective    ore    -   some    indications,    but    not    definite    enough    to   be    in- 
cluded abox't  . 

Proven    ore   v/ould    be    ore    blocked   on   four    aides   sufficiently   close    together 
to   leave   no   risk    of    continuity. 

Probable    ore    -   say   ore    shovn   on   tv,/o    drifts   with,    in  aiost    cases,    a    raise 
Gonne  cting. 

Prospective    ore    -   indicated   by   one    drift    or   by  a   series   of    drill   holes. 

It    is    Important    to   note   that    ore   reserve    information   is   not    given   as 
great    prominence    in  this    country    in  some    precious   metal   fields.      In   Cobalt 
it    was    impossible   to  make    any   estimate    in  Liany    cases,    and    in  the    gold 
mines,    irregularities   of    occurrence   make    estimates   from  ordinary   develop- 
ment   openings   rather   difficult.      The    base   metal  mine    reserves   are   much 
more    frequently  emphasized. 

It    is   well    to   understand,    however,    v/hen   ore    reserves   are   mentioned, 
just    what    is   meant.      When   one    hears    of  millions    of    tons    being  blocked 
out   by  a   surface    sampling  and    a   few  drill   holes,    such    statements  might    well 
cause    one    to    look   carefully   into   the   v\/hole   project    before    investment. 


COSTS 

Underground  mining-   costs   "iia'^^e    been  the    subject    of   so   much  discussion 
that   perhaps    it    will  not    be    out    of    place    to    say   a   word   or   two    concerning 
them.      I    think   it    is    fair    to    say    that   unless   we    are    thoroughly  familiar 
with  all  the    circumstances  ''e    cannot    form  any    just    estimate    of   whether    the 
work    is    being    done    efficientl/    or    otherv/ise.      So  many  variables   enter   the 
problem    that    one   mine  may   be    doin^;  much   better   work   by   delivering   ore   at 
a   cost    of   six  dollars   per   ton   than    another    one    at    one    dollar.      This   factor 
should   be   more    generally   recognized    than    it    is. 

Another  phase    of   this    -question   is    the    relation   of   tonnage    to    costs. 
A  great   many  believe    that   the    one    varies   almost    inversely   proportionately 
to  the    other.      'Vhile   a    larger    tonnage    does   allovv   a    slightly   less    overhead 
charge,    it    is    certain   that    it    is    the    size    and    character    of    the    ore    bodies 
and  necessary   amount    of    development    work  ivhich  are    the   most    important 
factors    in   determining   the    relative    cost.      T'vo    thousand    tons  per   day   de- 
rived from   tv/enty   small   scattered  veins    in  one   mining;   property   would   not 
cost    substantially  less    to  mine    per   ton  than   one    hundred   tons  per   day   from 
one    vein. 


.  i-i.    '»«-«4i,i;ii 


125. 

GENERAL  UIIDERGl^OULID    COI.TDITIOHS 

Gontrar./    to    the    Gominonl7  held    belief,   underground   work:  in  a   pro^^erly 
run  metal   mine    is   neither  unduly  arduous   nor    dan^^erous.      In   the    public 
press   we    are    constantly  reading   of -groups   of  men   being   buried   in   caves   or 
blasted;    but,    if   you  will  notice,    the    great   majority    of    these   accidents 
is    in   coal  mines  where    conditions   are   entirely   different    than   in  metal 
mines.      True,    underground  ^■Jor\i  will  always    carry  more    hazard   than  the 
average,    but    the   unremitting  attention  nov;    being  paid   to   safety  measures 
and   safety   education   for   the    ^vorkers   is    showing  a  wonderful   result. 

The    temperature    on  any  given  '-'orking   place    is    always   the    same.      No 
blizzards   or   boiling   sun   to    contend  with.      It    is    true    that^    in   some    of 
the    deeper  minesy    the    temperature    does   get  up   pretty  vvelli      The    rise    in 
temperature   varies   from  about    one    degree   Fahrenheit   for  every   tv^    hundred 
feet   vertical    in   depth    in  Porcupine   and    for    every   one    hundred   and    sixty 
feet    in  Kirkland  lake.      However,    ventilation    is    being   given    special   con- 
sideration,   and    the    evil   effects    of    the    higher   temperatures   largely 
obviated.      In   South  Ar.'rica  where    depths   of    eight    thousand   feet   are    being 
attained,    artificial  refrigeration    is    also   employed   for    the    lower   levels. 

Ventilation    is    also  a  valuable    aid   in  minimising  the    effects    of 
silicosis.      This    is   an    occupational   disease    of   the    lungs    due    to    the    ex- 
tremely  fine    dust    in   the    air.      The    researches   bein^;,   conducted   and.    the 
care    in   operation   of   the    mines   has    tremendously   reduced  this    hazard;    and 
it    is    confidently   expected   that,    with    care    in   selection   of   workiuen,    and 
with    proper   adherence    to   proper  working   conditions,    this    disease   '/(/ill 
practically  disappear. 

The   Alining  Act    of   Ontario    calls   for   a  workin^^  day  underground   of 
eight    hours,    from  working  face    to   working  face.      Actually  most   mines   of 
any  depth   transport    their  Vv^orkers    to    their  places    on   company   time   vvhich, 
with   the    half    hour    out    for   lunch,    leaves    the    average   working  time   about 
six   to    six  and    one    half   hours. 

Generally   speaking,    underground  work   offers   a   splendid   opportunity 
for   bright   young  Canadians  who  axe   physically  fit,    especially  as   to 
lungs,    to   engage    in  a    highly   paid   and   reasonably  pleasant    occupation. 
It  might    also    oe    of    interest   to  note    that    a   „reat   many  mining  companies 
are   givinj^  preference    to    this    class    of   applicant,    and    are   making  provis- 
ion to   teach   them   the    business. 


GOVERNMENT  RESTRICTIONS  ON  MINING  FINANCING. 


MINING  BEGINS  WITH  THE  PROSPECTOR. 


W.A.  Brant 
Registrar,  Ontario  Securities  Commission. 

(a  lecture  delivered  on  March  16,  1937,  to  the  class  in  Mining  Matters  conducted 
by  the  Department  of  University  Extension,  University  of  Toronto) . 


Any  one  over  18  years  of  age  ivho  takes  out  a  miner's  license  may  prospect 
for  minerals  upon  Crovm  lands  or  lands  of  which  the  mining  rights  are  reserved  to  the 
Crovm,  and  may  take  up,  work  and  acquire,  title  to  a  specified  arba  by  staking  out 
and  recording  a  claim,  performing  and  filing  proof  of  the  prescribed  development  vrork, 
obtaining  a  survey  if  in  unsurveyed  territory,  and  paying  a  small  price  per  acre; 
patent  in  fee  simple  being  given,  or  in  a  Provincial  Forest  (formerly  "Forest  Reservti,") 
a  lease,  upon  the  completion  of  these  requirements. 

Before  beginning  or  carrying  on  work  prescribed  by  the  Mining  Act  on  any 
mining  claim,  a  permit  must  be  obtained  from  the  Provincial  Forester,  or  his  local 
representative,  whose  name  and  address  may  be  obtained  from  the  mining  recorder.  Every 
such  permit  expires  on  the  30th  day  of  April  next  aft^r  the  date  thereof  and  should 
be  renev/ed  if  further  v/ork  is  contemplated. 

Particulars  as  to  what  lands  are  open  can  be  obtained  at  the  office  of  the 
recorder  for  the  mining  division  in  which  the  same  are  situated,  where  maps  are  kept 
showing  the  claims  taken  up  and  the  lands  still  open.  Blueprints  showing  such  lands, 
can  be  had  from  the  Recorder  or  Mines  Draughting  Office,  North  Bay,  at  the  price  of 
25^  per  township.  Lands  not  open  for  staking  out  are  described  in  section  38  and 
folloT/ing  sections, 

A  miner' s  license  can  be  obtained  from  the  Department  of  Mines,  or  except 
in  the  case  of  a  company,  from  any  mining  recorder.   It  is  good  throughout  the 
Province,  but  must  be  renewed  not  later  than  1st  of  April  each  year.   It  is  not  trans- 
ferable. 

The  manner  in  which  the  staking  and  recording  of  mining  claims  must  be  done 
is  described  in  sections  57,  60  and  61.  A  claim  must  be  recorded  in  the  office  of  the 
recorder  for  the  mining  division  in  vriiich  the  same  is  situated.  Yifhere  it  is  not  in  a 
mining  division,  or  is  in  a  mining  division  for  which  there  is  no  recorder,  it  should 
be  recorded  in  the  Department  of  Mines,  Toronto, 

Anyone  who  plants  stakes  in  violation  of  the  Act  or  who  stakes  out  a  claim 
and  fails  to  record  it,  forfeits  any  right  to  again  stake  out  any  part  of  the  sam.e 
lands,  unless  he  first  satisfies  the  recorder  that  he  acted  in  good  faith  and  obtains 
a  certificate  under  section  58. 

The  validity  of  every  mining  claim  is  open  to  dispute  for  60  days  after 
recording,  but  at  the  end  of  that  time  a  certificate  of  record  may  be  obtained,  and 
on  satisfactory  proof  of  performance  of  work  a  certificate  of  performance  of  work  may 
also  be  obtained,  and  thest>  certificates,  in  the  absence  of  fraud  or  mistake,  are 
conclusive  evidence  of  tlie  performance  of  the  requirements  of  the  Act.   particulars 


regarding  thb  de-velopment  work  required  to  bo  pbrformed  will  he   found  in  sections  80-82. 

A  mining  claim  or  any  share  or  interest  in  it  may  at  any  time  be  sold  or 
transferred  to  another  licensee,  but  to  ensure  priority  over  a  subsequent  purchaser  or 
transferee  all  such  agreements  and  transfers  should  be  recorded.  Agreements  made 
after  the  staking  out  of  the  claim  must  be  in  writing,  and  it  is  better  also  that  all 
prospecting  or  other  agreements  for  acquisition  of  any  interest  in  a  mining  claim 
should  be  put  in  writing  and  signed  by  the  parties j  no  person,  partnership  or  company 
can  acquire  or  continue  to  hold  any  unpatented  mining  claim  or  any  interest  therein, 
without  holding  a  miner's  license  and  keeping  it  renewed. 

Mining  partnerships  were  abolished  in  1951,  but  those  previously  formed 
under  The  Mining  Act  were  continued  unchanged  in  all  their  rights,  liabilities  and 
conditions  until  the  date  of  expiry. 

Questions  and  disputes  arising  under  the  Act,  either  between  individuals  or 
between  an  individual  and  the  Crown,  are  adjudicated  by  the  local  recorder  or  by  the 
Judge  of  the  Mining  Court,  subject  to  appeal  in  important  cases  to  the  Appellate 
Division.   The  procedure  is  simple  and  speedy,  and  hearings  ordinarily  are  held  in  the 
local  district. 

It  is  intended,  as  far  as  possible,  to  protect  the  honest  prospector  who 
complies  substantially  and  to  the  best  of  his  ability  with  the  requirements  of  the  Act 
from  being  defeated  of  any  just  claim  by  technicality,  but  a  prospector  should  alvrays 
endeavour,  if  he  desires  .to  avoid' troTabie  and  possibility  of  loss,  to  follov  the 
provisions  of  the  net  as  carefully  and  accurately  as  possible. 

For  full  information  upon  the  various  matters  reference  must  be  made  to  the 
Act  itself. 

!STHODS  OF  FINAI'fCING!- 

Prospector's  "Grubstake" , 

A  security  issued  by  an  actual  prospector  to  enable  him  to  finance  an 
expedition  for  the  purposw  of  staking  and  recording  claims.   This  should  be  in  writing 
so  that  the  rights  of  the  persons  participating  may  bt  clearly  established.   Such 
interests  may  be  issued  by  a  prospector  v;ithout  the  necessity  of  registration  under 
The  Securities  Act,  but  only  where  the  prospector  is  the  person  who  actually  does 
the  staking  and  recording.   It  would  not  apply  to  an  individual  who  deems  himself  an 
actual  prospector  by  merely  taking  out  a  mining  license  and  then  hires  someone  else 
to  do  the  actual  staking  and  recording  of  the  claims, 

PRIVATE  MINING  SYNDICATES. 

The  Securities  Act  provides  for  a  type  of  syndicate  xvhich  for  the  purpose 
of  distinction  may  be  deemed  a  private  syndicate.   It  is  one  organized  in  Canada  for 
the  purpose  of  financing  prospecting  expeditions  or  development,  where  the  total 
capital  is  not  in  excess  of  $55,000,  and  where  the  securities  are  not  being  sold  to  the 
public.  ¥hilfc  there  is  no  clear  interpretation  of  the  v/ords  "sold  to  the  public," 
its  general  meaning  is  that  sales  mil  be  confined  to  close  personal  friends  or 
associates  of  the  person  selling.   A  general  offering  of  such  securities  is  prohibited, 
nor  could  a  person  advertise  in  any  vray  the  sale  of  privately  owned  shares.   Furthermore 


before  selling  securities  in  such  a  syndicate  tho  organiior  must  filo  v/ith  the 
Ontario  Securities  Commission  a  copy  of  the  Syndicate  Agreemont  togother  with  tho 
names  and  addresses  of  those  persons  who  will  bo  selling  its  securities,  and  the 
Commission  may  if  it  is  deemed  advisable,  order  the  syndicate  to  register  under  the 
Act.   For  obvious  reasons  this  form  of  financing  cannot  be  considered  a  desirable  one. 

Ownership  to  mining  claims  having  beer,  obtained  by  the  aforesaid  methods 
or  otherwise,  the  next  stage  in  financing  is  the  organization  of  a  s;/ndicate  or  limited 
liability  company.  At  this  point  I  cannot  stress  too  highly  the  importance  of 
engaging  the  services  of  a  competent  Solicitor.   (You  are  all  familiar  with  the 
retaining  of  a  Solicitor  to  get  you  out  of  trouble,)  and  from  an  experience  of  diffi- 
culties incurred  by  syndicates  or  companies  of  many  years,  my  advice  (maybe  a  selfish 
one)  is  to  engage  a  Solicitor  to  keep  you  out  of  trouble, 

SYTTDIGATES : - 

In  respect  to  a  syndicate  -  -  the  most  important  point  to  bear  in  mind  is 
that  a  syndicate  is  essentially  a  partnership,  each  subscriber  becoming  responsible 
for  all  debts  contracted,  even  though  it  is  explicity  set  out  in  the  Syndicate 
Agreement  that  no  debts  shall  be  contracted  by  the  Manager  in  excess  of  monies  in 
hand.   Such  restriction  does  not  affect  the  rights  of  any  creditor  -  -  (a  painful 
experience  disclosed  to  the  Ontario  Securities  Commission  was  that  of  some  rural 
subscribers  to  a  City  real  estate  transaction  in  which  they  were  compelled  to  pay 
$36,000  in  addition  to  their  subscriptions,  towards  such  liabilities  -  then  lost 
everything.)  While  many  suggestions  liave  been  made  to  overcome  this  dangerous 
situation,  we  have  yet  to  find  a  fool  proof  method.  Furthermore  it  is  not  unusual 
to  have  the  management  of  the  syndicate  vested  in  one  individual,  with  the  result  the 
subscribers  have  little  or  no  say  as  to  the  disposition  of  their  monies,   I  recall 
one  instance  where  a  man  organized  three  syndicates  in  all,  for  the  purchasing  of  .oil 
royalties.  Each  syndicate  was  capitalized  at  ^15,000,  and  according  to  the  Agreement 
5  royalty  interests  were  to  be  purchased  for  each,  at  a  total  cost  of  |36,000.   Tho 
promoter  appointed  himself  manager  and  hired  a  trustee  to  whom  he  agreed  to  pay  a 
small  salary  (but  did  not.)   He  then  had  printed  three  certificate  books,  one  for 
each  syndicate,  and  commenced  selling  to  the  public,  ¥[hen  the  Ontario  Securities 
Commission  caught  up  with  him,  it  was  found  he  had  in  fact  purchased  5  interests 
for  the  first  syndicate,  but  at  a  cost  of  $3500.,  instead  of  $12,000  as  set  out  in  the 
agreement j  but  had  overlooked  registering  the  titles  in  the  name  of  the  trustee.   In 
the  second  he  had  agreed  to  buy  one,  but  as  to  the  third  he  had  not  bothered  to  eVen 
look  for  any.   Furthermore  in  selling  interests  he  had  just  filled  in  the  certificates 
as  each  purchaser  paid  him  the  money,  usually  at  the  time  of  purchase,  and  instead  of 
limiting  himself  to  the  capital  agreed  on,  he  had  obtained  a  total  of  over  $90,000 
from  the  public,   probably  he  thought  he  could  hand  out  certificates  as  long  as  the 
forms  held  out.   The  money  he  obtained  had  set  him  up  in  a  fine  tobacco  business  whicn 
subsequently  faile^,  and  while  we  v^ere  able  to  look  after  his  board  and  lodgings  for 
a  few  years,  the  unfortunate  purchasers,  mostly  hard-v/orking  farmers,  could  only  us^ 
the  certificates  when  the  current  catalogues  ran  out. 

No  doubt  syndicates  are  formed . chief ly  for  the  purpose  of  avoiding  the  costs 
of  company  organization.   In  the  control  of  competent  and  trustvYorthy  persons  they  do 
make  possible  the  spending  of  a  larger  proportion  of  the  early  monies  received  in 
property  development. 

In  passing  I  might  add  that  in  the  Province  of  (Quebec  sale  of  securities 
of  any  unincorporated  organization  is  not  permitted,  and  personally  I  hope  that  in 
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the  interests  of  genuine  prospectors  and  promoters,  some  day  it  may  be  possible  that 
a  small  limited  liability  company  may  be  had  for  a  reasonable  expense, 

CO?,ff  ANTES ;- 

Incorporation  implies  the  creation  --  the  calling  into  being  —  of  an 
artificial  legal  person  conferring  upon  a  group  of  persons  a  corporate  status  capable, 
like  a  natural  person,  of  sustaining  rights  and  obligations.   It  follows  from  the 
artificiality  of  its  constitution  that  it  is  dependent  to  the  last  detail  for  its 
nature  and  characteristics  upon  conditions  and  terms  established  or  selected  for  it 
by  its  incorporators.   The  question  whether  the  company  is  to  be  incorporated  under 
authority  of  the  Dominion  or  one  of  the  Provinces  is  one  that  must  be  decided  v/ith 
due  care.  Generally  speaking  it  might  be  suggested  that  where  the  scope  of  the 
company's  operations  is  to  be  local  or  provincial,  the  charter  should  be  provincial, 
but  where  the  company  proposes  to  carry  out  its  objects  in  more  than  one  Province, 
it  will  have  a  m^ore  advantageous  position  Ya'ith  a  Dominion  charter. 

The  Interpretation  Acts  of  both  the  Dominion  and  Ontario  confer  upon 
Companies  incorporated  under  the  provisions  of  the  Companies  Act  the  povrer  to  sue  and 
be  sued,  to  contract  and  be  contracted  mth  by  their  corporate  name,  to  have  a  Common 
Seal,  to  alter  or  change  the  same  at  their  pleasure,  to  have  perpetual  succession,  to 
acquire  and  hold  personal  property  or  movables  for  the  purpose  for  which  it  is  con- 
stituted e.nd  to  alienate  the  same  at  pleasure, 

numerous 

Either  Act  provides  in  detail  pov/ers  as  incidental  or  ancillary  to  the 
powers  set  out  in  the  charter,        ^ 

The  two  distinct  advantages  are  that  such  a  company  has  perpetual  succession 
and  its  shareholders  are  limited  in  their  liabilities  to  the  extent  of  the  amount 

unpaid  on  the  shares  they  oi«m. 

The  great  majority  of  mining  companies  incorporated  under  The  Companies 
Act  (Ontario)  are  made  subject  to  Part  XI  thereof.  This  Fart  empov/ers  the  company  to 
sell  its  shares  at  a  discount  but  no  shares  may  be  sold  at  a  discount  unless  authorised 
by  by-law  of  the  Company  fixing  and  declaring  the  rate  and  other  terms  and  conditions 
of  the  issue,  which  by-lavf  must  be  confirmed  at  a  general  meeting  of  the  shareholders 
duly  called  for  considering  the  same.  A  copy  of  any  such  by-law  must  be  filed  in  the 
office  of  the  Provincial  Secretary  forthv;ith. 

Every  such  company  shall  have  written  or  printed  imiTiudiately  after  or  under 
its  name,  wherever  such  name  is  used  by  the  company  or  by  any  director,  officer, 
servant  or  employee  thereof,  and  shall  have  engraved  upon  its  seal  the  words  "Ko 
Personal  Liability;"  and  upon  every  share  certificate  issued  by  the  company,  distinctly/ 
written  or  printed  in  red  ink,  v/here  such  share  certificates  are  issued  in  respect 
of  shares  subject  to  call,  the  words  "Subjtct  to  Call;"  or,  if  in  rbspect  to  sharus 
not  subject  to  call,  the  words,  "Not  Subjc^ct  to  Call,"  according  to  thu  fact. 

The  object  clauses  of  all  such  mining  companies  follov/  a  prescribed  and 
standardized  form  which  has  been  in  use  for  the  past  thirty  years.   They  aru  as  follows: 

(a)   TO  acquire,  own,  leasu,  prospect  for,  open,  explore,  develop,  work,  improve, 
maintain  and  manage  mines  and  mineral  lands  and  deposits,  and  to  dig  for, 
raise,  crush,  wash,  smelt,  assay,  analyze,  reduce,  amalgamate,  refine,  pipe, 
convey  and  other\7ise  treat  ores,  metals  and  minerals,  whether  belonging  to 


a  5  '- 

the  Company  or  not,  and  to  render  the  same  merchantable  and  to  sel.1  or 
otherwise  dispose  of  the  same  or  any  part  thereof  or  interest  therein;  and 

(b)   TO  TAIffi,  acquire  and  hold  as  consideration  for  ores,  metals  or  minerals 
sold  or  otherwise  disposed  of  or  for  goods  supplied  or  for  work  done  by 
contract  or  otherwise,  shares,  debentures,  or  other  securities  of  or  in  any 
other  company  havinj  objects  similar,  in  whole  or  in  part,  to  those  of  the 
Company  hereby  incorporated  and  to  sell  and  othei''wise  dispose  of  the  same. 

The  Department  also  insists  that  the  names  of  mining  companies  should 
signify  clearly  that  they  are  mining  companits. 

The  shares  of  all  such-  mining  companies  are  T/ith  par  value  and  in  all  cases 
are  ordinary  or  common  shares.   Such  companies  are  not  accorded  the  privilege  of 
issuing  preference  shares, 

DIRECTORS ;- 

A  feature  of  Company  organization  distinguishing  it  from  a  partnership 
(and  I  have  already  expressed  my  opinion  that  all  Syndicates  are  nothing  more  than 
partnerships,)  is  the  vesting  of  the  conduct  of  the  affairs  of  the  Com.pany  in  a  body 
of  persons  called  the  Directors,  selected  from  among  the  shareholders  by  a  najority 
vote.   The  directors  in  turn,  or  a  majority  of  them,  and  subject  to  the  statutory 
exception,  control  the  management  of  the  company.   In  general  it  might  be  said  that 
shareholders  have  very  little  say  as  to  the  affairs  of  the  Company  except  by  way  of 
electing  those  persons  who  it  is  thought  v/ill  be  amenable  to  their  wishes.   The 
Directors,  hoY/ever,  in  their  capacity  of  agents  for  the  Company  can  only  act  T'dthin 
the  limits  of  their  authority.   It  has  been  said.  Directors  are  not  only  agents  but 
to  a  certain  extent  Trustees  for  the  Company  and  its  shareholders,  Thbir  position 
however  is  very  different  from  that  of  ordinary  trustees  whost  primary  duty  is  to 
preserve  the  trust  property  and  not  to  risk  it. 

Directors  have  to  carry  on  business  and  this  necessarily  involves  risk: 
the  duty  of  Directors  to  shareholders  is  so  to  conduct  the  business  of  the  company 
as  to  obtain  for  the  benefit  of  the  shareholders  tht^  greatest  advantages  that  can  be 
obtained  consistently  with  the  trust  reposed  in  them  by  th'j  shareholcMirs,   Uir^.-ctor;; 
should  remember  that  tiiey  are  not  the  investors,  but  the  sei'Trants  of  tho  shareholders j 
and  although  it  is  trut  that  the  Directors  have  more  power,  both  for  good  and  ovil, 
then  is  possessed  by  the  shareholders  individually,  still  that  powor  is  limito-d,  and 
accompanied  by  a  trust,  and  is  to  be  exercised  bona  fido  for  the  purposes  for  vdiich 
it  v/as  given,  and  in  the  manner  contt,mplated  by  those  ■'..'ho  gave  it.   This  m.ay  bo 
entirely  foreign  to  the  idea  of  some  persons  v/ho  have  acceptt;d  tho  office  of  dirt-ctors 
of  comLpanios,   In  fact  that  has  been  shorm  in  many  eases  coming  before  the  Commission, 
nevertheless  it  is  the  views  of  eminent  Jurists  and  should  be  borne  in  mind  by  many 
who  merely  think  it  an  honour  to  be  shown  on  a  list  of  Directors,  or  I'/ho  accept  thi.. 
office  merely  to  accommodate  somt.  friend  Y/ho  is  organizing  a  company.   To  such  pt  rsons 
it  might  be  of  interest  to  note  the  liability  that  a  director  assumes  in  accepting 
office.   Under  the  provisions  of  the  Companius  Information  Act  of  Ontario  v;here  a 
prospectus,  notice  or  other  circular  invites  subscriptions  for  shares  in,  dobuntur^s, 
debenture  stock  or  other  securities  of  a  company,  every  person  who  is  a  director  of 
the  company  at  the  time  of  the  issue  of  the  prospectus,  notice  or  other  circular,  and 
ever;;'  person  v:ho  having  authorized  such  naming  of  him  is  nam.ed  in  the  prospectus, 
notice  or  other  circular  as  a  director  of  the  company,  or  as  having  agreed  to  become 
a  director  of  the  company,  either  immediately  or  after  an  interval  of  time,  and  evei'y 
promoter  of  the  company  and  every  person  who  has  authorized  the  issue  of  the  prospectus. 
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notice  or  other  circular  shall  be  liable  to  pay  compensation  to  all  persons  v/ho  sub- 
scribe for  any  shares,  debentures,  debenture  stock  or  other  securities  on  the  faith 
of  such  prospectus,  notice  or  other  circular  for  the  loss  or  damage  they  may  have 
sustained  by  reason  of  any  untruiv  statement  in  the  prospectus,  notice  or  other  circular 
or  in  any  report  or  memorandum  appearing  on  tht  face  thereof,  or  by  reference  in- 
corporated therein  or  issued  theroT.'ith,  unlt.ss  he  can  prove  that  he  comes  within  one 
of  thu  exceptions  set  out  therein, 

A  Director  is  liable  to  account  to  the  Company  or  any  of  its  shareholders  or 
creditors  for  any  profit  redilized  by  him  in  any  contract  made  v/ith  the  Company  unless 
he  discloses  his  interest  in  such  contract  at  the  meeting  of  the  Directors  at  vrhich 
such  contract  is  determined  on,  if  his  interest  then  exists,  or  in  any  other  case  at 
the  first  meeting  of  Directors  after  the  acquisition  of  his  interest.   Furthermore 
he  must  not  rote  in  rtispect  of  any  such  contract  or  arrangement. 

The  Directors  of  a  Company  are  jointly  and  severally  liable  to  labourers, 
servants  and  apprentices  for  all  debts  not  exceeding  one  year's  v/ages  due  for  services 
performtd  for  the  company  r/hile  they  are  directors, if  the  company  has  beun  sued  for 
the  debt  within  one  year  after  it  has  bi..com.e  due,  and  is  not  abli..  to  pay. 

Unless  he  can  prove  he  vras   not  a  party  or  rrivy  to  the  act,  and  provided 
he  gave  notice  to  the  Provincial  Secretary,  a  director  is  subject  to  penalty  for  the 
contravention  by  the  company  of  any  of  the  provisions  of  Tht.  Companies  Act. 

At  present  under  the  Dominion  Companies  Act  the  securities  of  the  company 
shall  not  be  offered  to  the  public  unless  a  prospectus  has  been  filed  vfith  the 
Secretary  of  State.   Tht.  form  of  this  prospectus  is  set  out  in  full  in  thv.  Act  and 
calls  for  considerable  study,  as  thu  details  requirt;d  to  bt;  published  ar^..  minutely 
worked  out. 

The  Company  shall  not,  under  heavy  penalty,  accept  any  application  for  its 
securities  unless  a  copy  of  sucli  prospectus  has  been  delivered  to  the  subscriber  at 
least  24  hours  prior  to  such  acceptance.   Failure  to  comply  with  this  provision  may 
also  tenable  thu  applicant  to  later  rescind  the  subscription. 

In  short  it  should  be  understood  that  a  director,  consenting  to  be  a  director, 
has  assumed  a  position  involving  duties  which  cannot  b':  shirkc^d  by  leavinj;  everything 
to  others, 

tEETKODS  OF  SALE:- 

The  Acts  of  th>.  majority  of  the  Provinces  e.r..-   essentially  similar,  differing 
in  minor  details  only.   Thi.  chief  differences  are  in  tht.  methods  of  administration, 
and  for  this  reason  I  am  confining  my  ri-marks  to  the  Act  of  Ontario,  and  to  the-  policy 
followed  by  the  Ontario  Securitii  s  Comumission. 

For  thosL.  persons  intert.sted  in  raising  finances  in  other  Provinces,  I  would 
suggest  that  they  first  make  application  for  particulars  to  the  Department  in  charge 
of  the  administration  of  The  Securities  Act, 

At  the  present  time  every  Province  of  Canada,  as  v'ell  as  47  out  of  48 
States  of  the  United  States  of  America,  has  in  one  form,  or  another,  a  Securities  Act 
and  a  Securities  Commission, 

Broadly  speaking  the  objects  of  the  Ontario  Securities  Act  are  -  honesty  of 
character,  honesty  of  purpose,  honesty  in  dealings  -  the  transplanting  of  homt^ly  virtues 
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into  thfe  rush  and  hustle  of  modern  coiranercial  life. 

The  Ontario  Act  was  passed  in  1928  -  amended  in  1929  -  repealed  and  the 
present  Act  passed  in  1930  follov/ing  a  Conf'erence  vdth  the  Attorneys-General  of  the 
Dominion.   In  the  Act  of  that  year  the  Attorney  General  of  the  Province  v;as  the 
Securities  Commissioner,  with  a  Registrar  to  supervise  the  registration  of  brokers, 
security  issuers  and  salesmen.   In  the  following  year  the  Act  ivas  amended  and  all  the 
powers  of  the  Attorney  General  as  a  Comiaissioner  vrerb  transferred  to  a  one  m^n 
Commission, 

The  Act  is  a  composite  of  ¥»-hat  are  supposed  to  be  the  best  features  of  all 
the  American  State  Acts.   It  is  very  flexible  and  can  be  administered  either  as  a  Fraud 
or  Blue  Sky  Act,  Very  extensive  povrers  are  conferred  upon  the  Commissioner,  Briefly 
summarizing  these  are  as  follOT'fs:- 

1.  Thb  Commission  may  determ.ino-  who  shall  and  who  shall  not  sell  securities, 

2.  The  Comrrdssion  may  determine  what  securities  may  be  sold, 

3.  If  the  Commission  suspects  fraud  it  may  bring  anyone  before  it  for  either 

public  or  private  investigation, 

4.  The  Commission  has  the  power  to  issue  a  Stop  Order  and  to  tie-up  any 
funds  or  securities  in  banks,  trust  companies  or  in  the  hands  of  any 
other  custodian.   It  may  go  a o  far  as  to  tie-up  the  contents  of  a  safety 
deposit  box, 

5.  Generally  speaking  it  has  control  over  all  brokers  and  salesmen,  including 
the  Toronto  Stock  Exchange, 

6.  It  may  require  brokers  and  salesmen  to  do  or  not  to  do  certain  things, 
and  it  may  create  offences  for  the  omission  or  comni.ission  thereof  - 
for  instance  -  a  broker  or  salesman  shall  not  sell  securities  either  by 
telephone  or  in  person  at  the  private  residence  of  any  person  not  a 
customer  of  the  broker  or  salesman,  nor  promise  to  resell,  repurchase  or 
list  upon  any  stock  exchange  any  secuidty  offered  for  sali^. 

The  extent  to  which  some  brokers  Yvdll  go  and  r.he  danger  to  the  investor  in 
buying  securities  over  the  telephone  is  shown  in  the  following  cases  reported  to  the 
Commission, 

One  day  a  long  distance  telephone  call  v/as  sent  from  Toronto  to  a  farm  north 
of  Winnipeg  in  Manitoba,  approximately  1800  miles  away.   The  alleged  President  of  a 
high-sounding  financial  house  wanted  to  speak  to  Mr,  Smith,  a  farm  labourer,  who  Y/as 
the  owner  of  some  good  securities.   The  farmer's  ivife  said  that  Mr,  Sraith  was  at  the 
back  end  of  the  farm  about  a  mile  away.   They  said  it  made  no  difference,  they  must 
speak  to  him  as  it  meant  perhaps  thousands  of  dollars  to  Mr,  Smith,  and  that  if  she 
would  send  back  for  hiia  they  would  hold  the  line.   They  held  the  line  for  about  forty 
minutes  and  Mr.  Smith  was  so  impressed  that  he  sent  his  securities  to  Toronto  to  be 
exchanged  for  shares  that  viere  worth  absolutely  nothing. 

On  investigating  a  brokerage  concern  nov:  out  of  business  it  ^ras  disclosed 
that  long  distance  tolls  for  two  months  amounted  to  $16,000,  and  on  further  exe.mination 
of  their  books  it  was  discovered  that  they  had  a  prospector  stake  12  mining  claims  for 
vfhich  they  paid  $400.   They  then  organized  a  three  million  dollar  company,  sold  the 
claims  to  the  company  for  1,500,000  shares  of  stock  and  proceeded  to  sell  these  shares 


by  telephone  and  high-pressure  advertising,  and  at  the  time  of  discovery  600,000  shares 
had  been  sold  to  the  public  at  a  cost  of  |;192,000, 

There  are  tvro   irii^thods  of  sale  —  if  it  is  the  desirt..  of  the  syndicatt^  or 
company  to  sell  direct  or  through  salesmen  employed  by  the  syndicate  or  company  (v:ho 
must  of  course  be  registered  and  v;ho  can  sell  only  for  the  employer  exct.pt  v/ith  the 
consent  in  writing  and  approval  of  the  Commission)  —  application  is  made  for  a  Security 
Issuer's  license.   The  Commission  vill  supply  on  request  th^  proper  forms  which  are 
to  be  completed  and  fon/arded  to  the  Registrar  v.'ith  tht^  necessary  fee  of  $100.00. 
The  material  required  and  vrhich  should  accompany  the  application  is  as  follov/s;- 

1.  A  copy  of  th^^  Syndicate  Agreement, 

2.  Statutory  form  of  prosptctus  as  filed  under  Tho  Companits  Information  Act. 

3.  Evidence  of  the  escrov;  of  all  vendors'  stock  with  a  chartered  bank  or 
trust  company,  subj(.;ct  to  ri^lease,  traaisfer,  h^/pothecation,  assignment 
or  otht,r  alienation,  only  upon  the  written  consent  of  thi:^  Rt-gistrar, 
Tht.  escrow  must  bu  evidunced  by  a  certificate  from  thu  bank  or  trust 
company  setting  out  tiit  terms  under  which  such  stock  is  }\old,         !^.. 

4.  Evidence  of  titlt.  to  th'.  prop^rtios  purchasc.d  or  acquired  or  proposed 
to  be  purchased  or  acquired  (showing  all  encumbrances,  arrears  of  taxes 
or  other  charges,)  certifiud  by  a  statutory  declaration  signed  by  one  or 
more  of  the  officials  of  thu  Syndicate  or  Company  setting  out  the 
location  and  official  dusignation  (if  ary)  of  the  mining  claims. or  other 
properties  transferred  and  giving  thu  name  and  address  of  the  person  or 
persons  by  whom  thu  mining  claims  or  other  properties  are  held  in  trust, 

5.  A  Declaration  of  Trust  to  the  effect  that  the  before  mentioned  mining 
claims  or  other  properties  are  held  in  trust  for  the  Syndicate  or  Company; 
in  lieu  of  this,  a  certificate  to  the  same  effect  may  be  given  by  the 
Solicitors  of  the  Syndicate  or  Company. 

6.  Copies,  if  any,  of  all  tngineer's  reports  on  the  mining  claims. 

7.  Inhere  a  Company  or  Syndicate  has  been  carrying  on  business  for  more  than 
one  year,  or  has  acquired  the  undertaking  of  any  company  or  other  unin- 
corporated association,  a  copy  of  the  latest  financial  statement,  setting 
out  assets  and  liabilities,  together  Y;ith  a  statement  of  receipts  and  dis- 
bursements from  the  inception  of  the  applicant  company  or  other  association 
acquired,  certified  by  the  officials  of  the  applicant  company  and  by  an 
independent  accountant. 

These  requirements  are  similar  in  respect  to  a  Company  or  a  S2mdicate  except 
that  in  the  case  of  a  Syndicate  i\   copy  of  the  Syndicate  Agreem.ent  must  be  included.   It 
should  be  noted  that  the  Commission  will  not  consider  the  application  of  a  Syndicate 
where  the  capitalization  exceeds  $50,000,   Furthermore  the  capital  must  consist  of  units 
of  a  given  par  value  not  in  all  exceeding  the  above  amount. 

Registration  as  a  Security  Issuer  permits  thu  officials  as  defined  by  thu  -^ct 
or  Regulations  to  sell  without  separate  lict^nsu.   It  does  not  porm.it  the  sale  of 
securities  other  than  thosu  of  the  Securitv  Issuer, 
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SECOND: - 

If  the  Syndicate  or  Company  does  not  vdsh  to  sell  direct,  sale  may  be  made 
through  the  medium  of  a  registered  general  broker.   In  such  ease  the  same  material 
as  set  out  above  must  be  filed  with  the  Registrar,  to^;ether  vith  the  contract  betvreen 
th§  broker  and  the  Syndicate  or  Company,   Fee  in  this  case  is  $25,00,   It  is  important 
to  note  that  no  sale  may  be  madb  until  the  consent  in  vrriting  of  the  Registrar  has 
been  obtained, 

REGUUTION  OF  SALES  :- 


Outside  of  the  general  policies  of  the  Ontario  Securities  Commission  there 
are  a  number  of  Regulations  made  mider  thu  provisions  of  thu  Act,  all  of  which  are 
important  to  persons  engaged  in  financing  mining  enterprises,  the  more  so  since 
violation  of  these  Regulations  constitutes  an  offence  under  the  Act,  which  may  lead  to 
prosecution  v^ith  the  possibility  of  a  fine  of  $1000,  and  possibly  a  term  of  imprison- 
ment of  six  months.  Among  these  are  the  follov/ing:- 

1,  No  broker,  security  issuer,  or  salesman  shall  complete  a  salo  either  of 
treasury  stock  or  stock  acquired  by  Y:ay  of  option  or  undervrriting  agreement 
or  for  cash  with  a  vieiT  to  re-sale  to  the  public  until  a  copy  of  the  latest 
statutory'  form  of  prospectus  has  been  delivL^red  to  the  purchaser. 

2,  Each  purchaser  must  be  given  a  statement  sho-'ing  whether  the  broker  is 
acting  as  principal  or  agent, 

3,  Unless  tht  broker  is  actin,',  as  a  principal  the  statement  must  shov/  the 
commission  to  be  received, 

4,  Tifherc  the  sale  is  mad>^  directly  by  a  Company  or  S;/ndicate  the  com;".iission 
payable  to  any  one  in  connection  Y/ith  tho  sale  must  be  disclos'^d,   I 
might  mention  here  that  the  commission  paid  by  a  company  or  s;^Tidicate 

to  any  official  or  salesman  should  not  exceed  oQ'.l.  In  other  words,  at 
least  70/;  of  the  price  paid  by  the  purchaser  must  go  into  the  treasury 
of  the  company  or  s;mdicate, 

5,  If  the  sale  is  made  througli  a  broker  who  has  first  purchased  by  way  of 
option  or  underwriting  agreement  or  for  cash,  and  the  money  paid  by  the  publ 
purchaser  is  not  therefor  paid  direct  to  the  treasury  of  the  company  or 
syndicate,  the  statement  given  to  the  purchaser  must  shoT."  that  the 
proceeds  will  not  go  to  the  treasury  of  the  company  or  syndicate. 

The  above  is  usually  the  case  where  the  broker  or  other  person  obtains  an 
option  or  underiTriting  agreement  with  :i   company  or  s;/ndicate  or  where  he  purchases  a 
block  of  stock  for  cash  from  a  company  or  s^,aadicate.   In  such,  cases  this  is  disclosed 
at  the  time  of  application  for  permission  to  sell",  and  it  is  a  policy  of  the  Ontario 
Securities  Commission  that  where  the  broker  or  other  person  desires  to  sell  to  the 
public  at  a  greater  commission  or  spread  in  price  than  the  50;',  he  must  first  pay  casl 
to  the  company  or  syndicate  for  any  given  number  of  shares  or  units  and  upon  eviritnco 
of  paji-ment  by  the  company  or  syndicate  by  "-^ay  of  letter  filed  with  the  Commission, 
permission  is  given  to  sell. 

Usually  the  inf oriTiation  required  is  set  out  in  the  form,  of  a   subscription 
agreement  delivered  to  the  customer. 
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6.  Tfhen  selling  units  in  a  syndicate  a  oopy  of  the  s^Tidicate  arreement  must 
be  delivered  to  the  purchaser, 

7.  ITo  person  shall  make  any  representation,  'vritten  or  oral,  that  the 
Ontario  Securities  Coinmission  has  in  any  T.-ay  passed  upon  the  financial 
standing,  fitness  or  conduct  of  any  broker,  security  issuer  or  salesman; 

or  upon  the  merits  of  any  security  offered  for  sale  by  any  broker,  security 
issuer  or  salesman. 

8,  IJo  person  shall  call  at  any  rtsidence  for  the  purrosv-  of  trading  in  any 
security  y.dth  the  public  or  s.ny  member  of  the  public.   In  this  Regulaxion 
the  vord  "residence"  shall  mean  and  include  any  building,  or  part  of  a 
building  in  '//hich  tho  occupant  thert.of  resides,  either  permancntl\r  or 
temporarily,  and  any  premises  appurtenant  thereto,  but  shall  not  include 
an  office  used  for  business  purposes;  tlie  Trord  "public"  shall  not  include 
close  personal  friends,  business  associates  or  customers  "."ith  i-hom  the 
person  maJdng  the  offer  has  been  in  the  habit  in  the  past  of  doing 
regular  business  in  the  s&le  of  or  obtaining  subscriptions  for  securities; 
the  Trord  "call"  includes  telephonic  co:;finunications, 

"Residence"  is  defined  to  prohibit  the  sale  to  any  farr-ier  at  the  barn,  as 
T:e  found  tiie  case  to  be  prior  to  extending  the  definition,   "Public"  is  defined  as  not 
including  close  personal  friends,  business  associates  and  former  customers,  and  I  might 
add  that  to  be  a  former  customer  the  Commission  h_as  ruled  that  there  must  he.Te  been 
at  least  three  sales  between  the  parties, 

9,  Promises  either  v/ritten  or  oral  to  resell,  repurchase,  refund,  list  or 
make  application  to  list  upon  ai-y  Stock  Exchange,  any  security  offered 
for  sale,  are  prohibited. 

It  must  be  remembered  that  these  Regulations  Tfere  not  based  uror  theory,  but 
developed  from  actual  experiences,  and.  to  prevent  misrepresentation  in  connection  I'l'ith 
the  sale  of  securities, 

ADVERTISIrTG;- 

About  a  year  ago  the  Ontario  Securities  Cormrdssion  decided  it  v/as  time  to 
place  a  check  upon  the  representations  made  to  the  i^ublie,  chiefly  through  advertisements, 
information  circulars  and  progress  reports.   Rather  than  do  this  by  vay  of  Regulation 
any  breach  of  Yfhich  i^.-ould  constitute,  an  offunce,  it  vras  decided  to  issuv.  general 
instructions  in  pamphlet  form,  setting  out  the  aims  and  policies  of  the  Commission, 
The  effect  of  these  instructions  has  been  to  obtain  a  very  large  measure  of  co-opcration 
from  all  brokers,  security  issue:''s,  solicitors,  finazTcial  r^riters  and  advertising 
agencies.   It  could  bt;  said  these  instructions  were  the  result  of  numerous  confer-ences 
vdth  the  Department  of  ?dnt.s,  the  press,  the  Mining  Institute,  Prospectors  .issociation 
and  others.   In  this  va.y  we  obtained  a  general  support  Vifhich  could  not  oth>  rAdsv;  have 
been  secured. 

The  chief  objectives  vrere  that  named  persons  should  be  held  definitely 
responsible  for  the  representations  made  to  investors,  a.nd  that  investors  should  receive 
in  printed  form  full  and  accurate  information  in  resp-ot  to  bheir  purchases.   These 
instructions  may  bt  obtained  firom  the  Cormdssion  on  re-quest,  but  the  following 
abbreviated  references  are  worthy  of  yoxrr   attentio".. 
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Encumberancfjs  to  properties, 

■balance  ovdng  and  terns  of  payment. 

Full  particulars  of  contracts  and  managembnt  agreements. 

Reports  on  geology,  quantity  or  ralue  of  or  occurrfencts, 

approaching  production, 

mill  erection, 

shall  state  the  n8.me,  profession  or  occupation  of  rurson  so  reporting. 

W  hen  reference  is  made  to  adjoining  or  other  properties, 
inferences  shall  not  bts  drawn  for  v/hich  ther^.  is  not 
adequate  evidence  and  complete  justification. 
Maps  or  dia.grams  published  to  shoT-  quantity  of  proven 
and/or  indicated  ore,  mine  development,  drilling 
results,  or  the  location,  strike,  dip  or  other 
characteristics  of  veins  and  other  features  having 
bearing  on  the  merits  of  the  claims  or  contiguouB 
ground,  shall  be  dated  and  signed  as  approved  by  the 
engineer,  geologist  or  other  qualified  person 
responsible  for  the  information  incorporated  therein. 

ASSAYS ; - 

(a)  References  made  in  promotional  literature  to  sampling  results  shall 
clearly  state  T:hether  such  sampling  results  have  been  obtained  from, 
channel  samples,  grab  samples,  bulk  samples,  or  otliers, 

(b)  If  grab  or  specimen  samples  (namely,  samples  not  obtain'  d  as  a  result 
of  systematic  sampling)  are  referred  to,  such  references  shall  not  be 
used  to  imply  the  existence  of  ore  in  commercial  quantities,  and  shall 
be  used  only  as  an   indication  that  values  are  found  on  the  prorerty. 

(c)  All  essays  shall  be  accompanied  by  the  name,  profession  or  occupation 
of  the  person  or  persons  responsible  for  the  sampling  and  assaying. 

As  a  result  of  the  deliberations  of  a  Conference  of  Dominion  and  Provinoial 
officials  administering  the  lavrs  relating  to  the  prevention  of  fraud  in  connection  'Tith 
securities  convened  by  W.P.J.  O'keara,  Zlsq. ,  K.  C  „ ,  Assistant  Under  Secretar;,-  of  State 
last  v/eek,  the  follomng  recomraendations  ^.rere  made  to  the  respective  governing 
authorities  of  the  Province  and  of  the  Dominion, 

1,  In  all  matters  relating  to  the  sale  of  securities  full  disclosure  on  the 
part  of  those  offering  the  securities  ±r.    recommended  as  an  >iSSential 
principle.  Administering  officials  can  best  sei^'e  thi..  public  by  ensuring 

,  that  accurate  information  is  made  available, 

2,  Appropriate  legislation  should  ma^<:e  obligatory  the  uniform  nrospo-ctus 
clauses  of  the  Dominion  Companies  Act  as  approved  by  the  Domini on-P^-ovincial  Comraittee 
on  Com.pany  La-.T,  lYhile  tlie  prospectus  is  essential,  it  must  b'.-  regarded  as  containing 
minimum  information.   In  the  field  of  .oining  development  securities  before  being  of fere, 
to  the  public  must  be  based  on  more  explicit  information  than  tb.i.  st-tutory  prospectus 
supplies.   To  this  end  a  Special  Cojnmittee  of  officials  of  the  Onturic  Securities 
Comi-.iission  and  representatives  of  the  mining  industry  will  bw  convened  in  the  near 
future  to  outline  requirements, 

3,  There  should  b  .  established  by  the  GoA-er>iment  of  Canada  a  Central  Bureau 
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for  the  collection  and  distribution  of  information  rulatinp-  to  promotions,  records, 
persons  and  administrative  activities  in  respect  to  securities.   To  this  Bureau  each 
Provincial  body  administering  its  Securities  Act  vrill  report  refusals,  suspensions 
and  cancellations  for  cause,  vdth  its  reasons,  and  other  relevant  data.  As  the 
object  is  to  secure  intcr-Provincial  and  Provincial.'-Federal  co-operation  for  the 
prevention  of  fraud  in  this  field,  steps  be  taken  to  secure  the  exchange  of  vierrs  and 
information  and  to  make  other  co-operative  arrangements  betvTeen  the  proposed  Bureau 
and  the  Securities  5;  Exchange  Commission  of  the  United  States, 

4,  Essential  to  full  disclosure  is  tiie  registration  under  the  Provincial 
Acts  of  all  persons  and  companies  trading  in  securities.   Standard  registration  forms 
virere  tentatively  adopted,  it  being  agreed  that  the  requirements  of  tlic  respective 
Provinces  may  necessitate  some  variations, 

5,  Reciprocity  between  the  Provinces  in  respect  to  the  qualification  of 
persons  and  securities  being  desirable,  the  present  practice  whereby  qualification  is 
required  in  each  Province  in  virhich  securities  are  being  sold  should  be  continued. 
Where  qualification  is  sought  in  anj''  Province  other  than  that  in  v/hich  the  chief  oper- 
ation of  the  company  is  carried  on  or  in  vhich  its  head  office  is  located,  the 
registering  authority  shall  communicate  with  the  authority  in  the  Province  where  the 
chief  operations  a.re  carried  on  or  the  head  office  located  for  the  purpose  of  obtaining 
information  leading  to  full  disclosure, 

6,  Until  a  uniform  prospectus  law  has  been  enacted,  transactions  tntered 
into  by  a  company  subsequent  to  its  registration  of  such  a  nature  or  effect  that 
particulars  thereof  v/ould  have  been  required  to  be  set  out  in  the  prospectus,  not 
including  transactions  made  in  ito  ordinary  course  of  business,  shall  not  bucome 
effective  until  reported  to  tht>  registering  authority, 

7,  Mining  Companies  should  not  be  authorized  to  sell  shares  to  the  public 
upon  doubtful  title  to  the  claims,   No  public  offering  should  be  permitted  until  the 
ownership  of  properties  is  clearly  vested  in  the  Company,   Regard  should  be  had  to  the 
necessity  of  reimbursement  of  cash  to  the  vendor  of  the  properties  where  money  has  been 
spent  for  development  which  would  have  to  be  spent  by  the  Company  if  the  vendor  had 
not  done  so.   Regard  must  be  had  for  rights  under  leases  or  where  surface  rights  are 
reserved,  and  the  right  of  the  prospector  or  actual  staker  of  the  claims  to  reasonable 
cash  payments, 

8,  Subject  to  reimbursement  of  the  vendor  for  actual  cash  pa^/ments  made 

by  him  in  the  development  of  properties,  vendors'  stock  in  mining  coripanies   should  be 
escrowed  prior  to  registration  under  The  Securities  Act,   In  most  cases  thirt^z-three  and 
one-third  per  cent  should  be  the  maximum  vendors'  interest.   Release,  transfer, 
hypothecation,  assignment  or  other  alienation  of  escrowed  stock  should  be  obtained 
only  by  consent  in  writing  of  the  registering  authority.   The  present  practice  favours 
too  early  a  release  of  vendors'  interests,  and  policy  should  be  directed  toward 
establishing  the  practice  of  retention  of  escrow  until  the  property  has  reached  pro- 
duction, save  in  special  circumstances. 

Registering  authorities  should  be  guided  by  the  foil ovv-ing  principles  in 
respect  to  sales  of  mining  securities  held  under  option  agreements; 

(a)   The  minimum  price  to  the  treasury  should  not  be  less  tJw'.n  15{^ 
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(b)  The  treasury  of  the  company  should  rucoivo  at  least  70/o  of  the  price 
paid  by  the  public, 

(c)  Option  Agreements  should  be  exercised  -vithin  18  months, 

( d)  Failure  of  the  optionee  to  exercise  his  rights  under  the  Option 
Agreement  should  be  reported  to  the  registering  authority  v.'ithin 
ten  days . 

(e)  Options  may  be  taken  by  persons  other  tiian  those  holding  registration 
and  may  be  assignable  vrithout  consent, 

(f)  Subject  to  (a)  above,  there  should  be  no  interference  vrith  contractuf.l 
rights  covering  purchases  en  bloc  or  by  ^.vay  of  sliding  scale, 

10,  The  suggestion  to  control  tiiu  profits  of  undo n'/r iters  v/as  considered 
but  no  formal  action  deemed  expedient  at  tnu  present  time, 

11,  Brokers  Y'hothcr  Members  of  Exchanges  or  not  should  be  held  financially 
responsible  to  their  customers,  ¥fhile  no  agreement  T/as  reached  by  the  Conference  as 
to  what  should  be  the  muasuro  of  this  responsibility  b^^cause  of  varying  conditions 

of  the  several  Provinces,  the  Members  of  the  Conference  v/ere  of  the  unanimous  opinion 
that  the  system  of  surprise  audits  prov^ided  in  most  of  the  Statutes  and  put  into  effect 
in  somu  of  the  Provinces  should  be  gcneralljr  adopted, 

12,  Steps  should  be  taken  in  co-operation  -;:ith  all  Stock  Exchanges  to 
determine  whether  there  is  a  public  market  on  any  unlisted  security  and  in  the  event 
of  there  being  no  public  market  the  quotations  on  that  issue  should  not  be  furnished 
to  the  newspapers, 

13,  Yi'hen  a  broker  circulates  advertising  material  by  mail  in  Provinces  '.-.•here 
that  broker  is  not  registered,  the  registering  authority  of  the  Province  where  the  broker 
is  registered  on  receiving  a  fornv^l  ob;ji-jction  from,  the  registering  authority  in  the 
Province  where  the  broker  is  circulating  such  advertising  material,  shall  warn  the 
broker  that  the  objection  has  been  received  and  that  a  continuance  of  the  practice  v.'ill 
result  in  the  suspension  or  cancellation  of  the  registration  of  the  broker.   If  satis- 
factory proof  is  given  to  the  registering  authority  in  the  Province  vu'here  tne  broker  is 
registered  that  such  broker  has  not  discontinued  circulating  such  advertising  the 
registration  of  the  broker  shall  be  cancelled  forthwith, 

14,  "BOILER  ROOMS"  should  be  suppressed,  V'Jhen  securities  are  sold  over 
the  telephont;  in  a  Provincu  in  ".'hich  the  person  using  the  telephone  is  not  registered, 
the  registering  authority  on  receipt  of  fonual  objection  from  the  complaining  Province 
shall  proceed  against  the  operator,  and  if  lie  is  registered  warn  him  that  continuance 
of  the  practice  will  result  in  suspension  or  cancellation  of  his  registration.  Any 
continuance  of  the  practicL^  should  be  follo"vred  by  immediate  cancellation, 

15,  Fraudulent  or  objectionable  advertising  should  be  restrained,  but  no 
standard  formula  can  be  laid  dovm  in  this  regard,  and  tiie  registering  authority  in  each 
Province  should  exercise  his  powers  to  protect  the  public,  Where  advertising  matter 
appears  to  promote  the  sale  of  issixes  in  any  Province   in  contravention  of  the 
Provincial  Law,  the  registering  authority  of  that  Province  shall  seek  and  obtain  the 
co-operation  of  other  Provinces  concerned, 

16,  All  advertising  should  be  dated  and  contain  the  name  of  the  person. 
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firm  or  corporation  issuing  the  same.   Stat^mbnts  of  fact,  onginetsring  r&ports,  maps 
and  documents  should  be  referabl'^  to  tht  date  on  rrhich  the  advertising  appeared,  '/ihere 
advertising  shcTS  the  results  of  drilling  or  other  operations  thu  results  of  o.ll  such 
operations  should  be  disclosed. 

Price  quotations  in  advertising  should  be  discouraged. 

Named  persons  should  bo  definitely  responsible  for  the  representations  made, 

17,   The  r'^cent  increase  in  thu  number  of  offerings  of  Canadian  and  i\:'aerican  oil  stocks 
lud  to  the  adoption  of  the  f ollov.'ing:- 

A,  No  registration  or  qualification  of  oil  co:"ipanii.^s'  stock  or  of  an  oil  royalt-/ 
should  be  granted  unless; 

(1)  Th^>  applicant  intends  to  develop  the  rropcrtii^s  htld, 

(2)  Tho  applicant  furnishes  a  r^,port  by  a  qualified  geologist  or         ^ 
petroloum  engineer,  TThich  r>..port  shall  be  a  current  report  as  to 

the  properties  covered, 

(3)  Tho  application  has  been  roforred  to  th>^  proper  authorities  in 
v.'hich  the  applicant's  lands  are  situated, 

(4)  The  applicant  has  furnished  satisfactory  evidence  of  title, 

B,  The  sale  of  oil  royalties  should  be  discouraged  but  -"hero  permitted  regulations 
similar  to  those  in  forc'^  in  Ontario  and  Quebec  should  be  observed, 

C,  Vendors  should  not  receivL,  in  excuss  of  SSl/S/^  of  the  e.uthoriced  capitalization 
save  in  special  circitmstances, 

D,  All  vendors'  shares  should  bo  escroi.vod  until  production  has  been  reached  save 
in  special  circumstances  vrarranting  the  r^leaso  of  all  or  a  portion  thereof, 

E,  All  subscriptions  less  10;o  tovards  cost  of  sale  should  be  deposited  vrith  a  ' 
chartered  bank  or  trust  company  under  Trust  Agreement,  until  the  minimum 
amount  required  to  be  raised  has  been  obtained,  it  being  understood  that  the 
minimum  amount  must  be  determined  by  the  circumstances  in  each  individual  ea.sc, 

13,   It  7/ould  be  advantageous  to  thu  Provinces  in  enforcing  their  Securities  --ict  if 
provision  T/as  made  in  the  Dominion  Companies  Act  that  companies  incorporated  ther-^undtr 
should  offer  their  securities  for  public  subscription  through  tht.  chanjit.ls  provided  by 
the  Provincial  Securities  Authorities, 

19,   There  should  bo  placed  at  the  bogin_ning  of  every  prospectus  filed  ".'ith  the 
registering  authority,  a  statement  in  prominent  type  that  the  seouriti-s  offered  in  th'- 
prospectus  have  neither  been  approved  nor  disapproved  by  that  authority. 
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